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Introductory Remarks 

This anthology is the first of what is hoped will be a series of publications 
dealing with science and public policy which will become a part of the personal 
library of scientist administrators. It is clearly understood that future volumes 
will benefit from the results of this initial effort and to that extent the reader is 
urged to offer suggestions which may contribute to the content as well as the 
purpose for which it is intended. 

The Staff Training— Extramural Programs (STEP) Committee, through this 
and other activities such as the seminar series, is attempting to provide new 
meaning to the responsibilities of the scientist administrator. The efforts of the 
Committee can only be judged by the degree of acceptance by the scientist 
administrators themselves. We look forward with confidence to the reaction to the 
initiation by STEP of this anthology. 



Ronald W. Lamont-Havers, M.D. 
Associate Director for Extramural 
Research and Training 
National Institutes of Health 
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f fo art increasing decree we haw 
the security of sound public o- 
pinion, if the extravagances and 
diatribes of political appeals 
fail of their object, ana if, nob 
withstanding the apparentcon- 
fusion and welter of our life, 
we are able to find a steadiness of purpose 
artd a Quiet dominating intelligence, it is* 
largely because of Ihe multitude of our peo- 
ple who have been trained to a considerable 
extent in scientific method, who look for 
facts, who have cultivated the habit of irt- 
guiry and in a thousand callings face the 
tests of definite investigations, UJith sci- 
entific applications on every hand, the -Am- 
erican people are daily winning thvir es- 
cape from the danger of being fooled, 

We need your method in government? we neect 
it in law-making and in law-administering. 
We need your interest in knowledge for its 
own sake? the self-sacrificing ar-dor of 
your leaders? your ceaseless search for 
truth? your distrust of phrases and catch- 
words; your rejection of every plausible 
counterfeit; your willingness to discard event 
disproved theory however honored by tradition, 
while you jealously conserve every gain of the 
past against madcap assault; your guief tem- 
per, and, above all, your faith in humanity and 
your xeal to promote Ihe social welfare. We 
i l need your horixon; your outlook on the world. 
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Foreword 



The selected readings contained in this compendium have been derived from 
many sources. They represent a small fraction of the literature that has appeared 
in recent years that deals with science policy and science administration. 

The purpose of this anthology is two-fold: first, it is intended to provide the 
reader with an understanding and at times a critical view of the many, and 
indeed, complex issues affecting science and public policy. Secondly, it should 
provide a glimpse into those personalities and forces, both within and out of 
government, that bear directly on these issues. It is the hope of the STEP Com- 
mittee to provide an opportunity for stimulation of the intellectual curiosity that 
transcends the decisions and policies that affect our work-a-day world. This is a 
vital ingredient of professional enrichment,” which, of couse, is fundamental to 
the mandate of this Committee. 

One note concerning the planning of this volume: The selections have been ar- 
ranged to focus a perspective on their substance. The articles have been segregated 
into three sections, each dealing with a particular aspect of the over-all subject. 
Within each section, the articles are arranged to unfold an array of events 'which 
at some point, historically, have had an impact on the evolution of science in 
the public arena. Part I deals with the socio-economic implications and impact 
of science and technology upon society; Part II, the efTect of national advisory 
and policy groups on science strategy within the Executive and Legislative 
branches of government; and Part III presents considerations of the fiscal dilemma 
of academia and science and the Federal support of biomedical research, including 
speculations on future trends. Because the' selections do not treat the subject 
exhaustively, the bibliography, which appear in the Appendix, is intended to fill 
in the many gaps. 

It is hoped that this anthology will become a part of your personal library. 
Together with the seminar and other activities of the STEP Committee, it is 
aimed at broadening the definition of that somewhat elusive term, science- 
administrator. Such an administrator is, to a degree, a hybrid who leaves the 
laboratory and its concerns with the specifics of science and becomes involved 
with the generalities of science as a public administrator. The scientist-adminis- 
trator provides a vital link between the scientific community and the political 
decision makers. It has been said that basic research is judged to contribute by 
enlarging human understanding, applied research by enlarging options, and 
technology by putting selected approaches to work to create beneficial structures in 
systems. The scientist-administrator must be capable of moving freely and con- 
fidently in each of these areas at any one time, as the situation demands. 



If it can be said that this anthology has contributed in some measure by pro- 
viding new meaning to the responsibilities of the scientist-administrator, an 
increased depth of understanding of the political decision-making process, and an 
appreciation for the implementation and administration of those decisions, then it 
will have gone a long way toward achieving its goal. 



Anthony M. Bruno, M.D. 

Chairman , Committee on 

Staff Training Extramural Programs 
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SCIENCE, 
SCIENTISTS, 
AND POLITICS 



science, scientists, and politics is made up of some of the papers presented at a conference on the role 
and responsibilities of science executives in the service of government. The conference, which was held in 
Santa Barbara, mw sponsored by the Center in cooperation with the Twelfth Region of the United States 
Civil Service Commission. Robert m. hutchins is President of the Fund for the Republic. His career 
as President and Chancellor of the University of Chicago provided first-hand experience with the subject of 
this paper. scott buchanan. Consultant to the Center, uw Dean of St. John’s College. His books 
include Poetry and Mathematics, reissued in paper-back last year. donald n. michael, author of the 
Center pamphlet. Cybernation: The Silent Conquest, is Director of the Peace Research Institute in Wash- 
ington, D. C. CHALMERS sherwin is Vice President and General Manager of the Laborqtories Division 
of Aerospace Corporation in Los Angeles. james real, management consultant for government 
and industry, is co-author of the newly published Center book, The Abolition of War. lynn white, jr., 
former President of Mills College, is Professor of History at the University of California at Los Angeles. 



Robert M. Hutchins 



I do not know much about science, but I know a lot about 
scientists. Though I do not know much about profes- 
sional politics, I know a lot about academic politics— and 
that is the worst kind. Woodrow Wilson said that Wash- 
ington was a snap after Princeton. Not only is academic 
politics the worst kind of politics, but scientists arc the 
worst kind of academic politicians. 

I wish at the outset to repudiate C. R Snow, who inti- 
mates in one of his books that scientists should be en- 
trusted with the world because they are a Lttlc bit better 
than other people. My view, based on long and painful 
observation, is that professors are somewhat worse than 
other people, and that scientists arc somewhat worse 
than other professors. Let me demonstrate that these 
propositions are self-evidently true. 

The foundation of morality in our society is a desire 
to protect one’s reputation. A professor’s reputation de- 
pends entirely upon his books and his articles in learned 
journals. The narrower the field in which a man must 
tell the truth, the wider is the area in which he is free to 
lie. This is one of the advantages of specialization. C. P. 



Snow was right about the morality of the man of science 
within his profession. There have been very few scientific 
frauds. This is because a scientist would be a fool to 
commit a scientific fraud when he can commit frauds 
every day on his wife, his associates, the president of his 
university, and the grocer. Administrators, politicians 
(not campaigning), and butchers arc all likely to be 
more virtuous than professors, not because they want to 
be, but because they have to be. 

One odd confirmatory fact is that those whose business 
it is to lie, such as advertising men, arc often scrupulously 
honest in their private lives. For example, Senator Wil- 
liam Benton, founder of the firm of Benton and Bowles, 
used to say that he had to be honest on Madison Avenue 
because if he wasn’t word would get around that Benton 
was a crook and he would be ruined. When he retired 
from the advertising business he became vice president of 
the University of Chicago, whereupon he was prompted 
to say, “Look at these professors. What harm would it 
do them if word got around that they were crooks? They 
are all on permanent tenure!” 



PUBI ISHED BY THE CENTER POR THE STUDY OP DEMOCRATIC INSTITUTIONS 



10 



1 





The general moral tone of academic life was once 
handsomely demonstrated at a University of Chicago 
faculty meeting. It was a solemn occasion. Two hundred 
full professors had assembled to discuss whether the 
bachelor’s degree should be relocated at the end of the 
sophomore year, giving it and other degrees a meaning 
they had never had before. The faculty debated this 
proposition for two hours without ever mentioning edu- 
cation. The whole discourse concerned the effect of the 
proposed change on public relations and revenue. Mr. 
Benton, fresh from Madison Avenue, stormed out of the 
assembly shouting, “This is the most sordid meeting I 
ever attended in my life!” 

There arc many examples of this kind of professional 
morality. The chairman of a scientific department of the 
University of Chicago marched into my office one day 
and told me that we could not appoint one of the world’s 
leading theoretical astronomers because he was an In- 
dian, and black. Another faculty member, a great Amer- 
ican sociologist, who was president of the American 
Statistical Association and president of the American. 
Sociological Association, once informed me that it would 
be impossible to appoint a Negro to the faculty because 
all the graduate students would leave. We appointed the 
Negro anyway. As far as I know, no graduate students 
left. 

The University of Chicago medical school violently 
resisted admitting Negro students. Negroes and Jews who 
had noncommittal names and were not otherwise visible 
to the naked eye were detected in photographs required 
with applications for admission. It took an executive 
order from my office to eliminate this requirement. For- 
tunately the medical school did not know that under the 
statutes of the University I had no power to issue such 
an order. 

I t is clear that the behavior of professors is question- 
able at best. Scientists arc worse than other profes- 
sors because they have special problems. One of 
these is that their productive lives often end at thirty-five. 
I knew an astronomer who was contributing to the inter- 
national journals at the age of eleven. Compare that with 
the difficulty of contributing at a similar age to an inter- 
national journal on, let us say, Greek law. A scientist 
has a limited education. He labors on the topic of his dis- 
sertation, wins the Nobel prize by the time he is thirty- 
five, and suddenly has nothing to do. He has no general 
ideas, and while he was pursuing his specialization sci- 
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ence has gone past him. He has no alternative but to 
spend the rest of his life making a nuisance of himself. 

Scientists are the victims of an education and a way 
of academic life created by their misinterpreters and 
propagandists. These misinterpreters have propagan- 
dized an entirely inconsecutive chain of consecutive prop- 
ositions: The pursuit of truth, they say, is the collection 
of facts. Facts can be experimentally verified. Thus, the 
only method of seeking truth is the scientific method. 
The only knowledge is scientific knowledge, and any- 
thing else is guesswork or superst-tion. So Lord Ruther- 
ford could say to Samuel Alexander, the great English 
philosopher, “What is it that you have been saying all 
your life, Alexander? Hot air. Nothing but hot air.” 

A recollection I shall always cherish of one of our lead- 
ing mathematicians, now a professor at Chicago, affords 
a stunning example of the frame of mind the propagan- 
dists have created. He came to Chicago as a graduate 
student. Toward the close of his first year I asked the 
chairman of the mathematics department how the boy 
was doing. “Oh, Mr. Hutchins,” he said, “he’s a fine 
mathematician, but I’m sorry to have to tell you, he’s 
crazy.” I said, “What do you mean ‘crazy’? How does he 
evidence this unfortunate condition?” And the professor 
responded, “He’s interested in philosophy!” 

The misinterpreters’ and propagandists’ doctrine has 
paralyzing educational repercussions. According to its 
tenets, education consists in cramming the student with 
facts. There is not enough time to stuff in all the facts. 
Therefore, facts outside a narrow area of specialization 
must be excluded. One of our Consultants to the Center 
has described the education in science in the state uni- 
versity from which he graduated as two years of German, 
two years of military training, and all the rest mathemat- 
ics, physics, and chemistry. 

Seduced by the fact formula, the medical school at the 
University of Chicago set out on a perfectly sincere, al- 
though somewhat misguided, campaign against liberal 
education. There are countless facts in medicine. A 
medical school must fill its students with these facts or 
they will fall behind. This meant that there was no time 
to teach anything else. The medicai school strongly rec- 
ommended that the whole freshman and sophomore 
years be abolished— the junior and senior years had al- 
ready gone— and that the entire curriculum be devoted to 
science and medicine. I can conscientiously say that any 
senior in the University of Chicago medical school knew 
more facts about medicine than any professor in a Ger- 
man university. 
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The consequences of this line of educational endeavor 
are clear enough. Everybody specializes. There can be 
no academic community because scientists cannot talk 
to oner another. The chairman of the anatomy department 
of the University of Chicago brought this home to me 
once when we were discussing the great biological sym- 
posium that had been held to celebrate the University’s 
fiftieth anniversary. I said, “Tell me, how was it?” He 
said, “I didn’t go.” When I asked why not, he replied, 
“Well, there weren’t any papers in my field.” Scientists 
cannot talk to anyone else because there isn’t anyone 
else worth talkitt£ to. Hence, university life offers no 
remedy for the defects of their education. 

The propagandists and misinterpreted of science have 
set the tone for the whole learned world in the United 
States. Their slogan is, “If you can’t count it, it doesn’t 
count.” The influence of this slogan is felt in literature, 
philosophy, languages, and of course in the social sci- 
ences. The most striking feature of social science today is 
the total absence of theory. Its greatest modern achieve- 
ment is the public opinion poll. Social scientists can 
count, but cannot comprehend. 

Those who live their lives without theory are techni- 
cians, or mechanics. As a result there is no significant 
contemporary social science. Politics is viewed as power 
because power can be observed and measured. Power is 
" something real. Therefore, using the misinterpreted’ 
logic, it is all that is real about politics or political sci- 
ence. The most characteristic book title in social science 
in the past thirty years is Politics: Who Gets What, 
When, How . 

In spite of the misinterpreted’ nonsense, science con- 
tains elements of sense. Serious scientists know that sci- 
ence is just one very important way of looking at the 
world. When scientists arc actually doing science they 
are caught in a great tradition. They know they are not 
simply collecting facts or conducting random experi- 
ments. No serious scientist believes that if a million 
monkeys were put down at a million typewriters one of 
them would eventually turn out Hamlet . Nor does he 
think the scientific method is the only method. Scientists 
do not use the scientific method outside of science. 

How the propagandists and misinterpreted of science 
have managed to take over all the academic virtues and 
label them “scientific” escapes me. I ran across a fasci- 
nating study of the scientific attitude by a professor of 
education. This learned gentleman had written to sixteen 
eminent scientists and asked them what characterized 
the scientific attitude. These were the replies: 



’chemist: Openmindedness . . . physiologist: Intel- 
lectual honesty . . . botanist: Openmindedness . . . 
zoologist: Observation, inquisitiveness, perseverance 
and industry, objectivity and critical independent reflec- 
tion . . . physicist: Objectivity . . . sociologist: Ob- 
jectivity . . . MICROBIOLOGIST: Respect observation . . . 
mathematician: Openmindedness . . . anthropolo- 
gist: Openmindedness . . . chemist: Practiced will- 
ingness to label conclusions tentative until supported by 
reproducible or confimed data . . . agriculturist: 
Desire to tolerantly explore ideas . . . mathematician: 
An open mind . . . physicist: A will to know the truth 
. . . chemist: Insistence on critical examination . . . 
director of educational research: Intellectual curi- 
osity . . . psychologist: An inquiring mind. 

Obviously this study shows that science has a comer on 
all the rational processes of thought. 

But there is not an honest scholar in any field who 
would not insist on being openminded, honest, and ob- 
jective, and on considering all the evidence before he 
reached a conclusion. You can hear Thomas Aquinas 
laughing. 

The propagandists of science say, “Sure, but fellows 
like Thomas Aquinas had commitments. They all had 
philosophies and principles that distorted their thinking. 
Scientists haven’t any.” The answer to this is that every- 
body has a metaphysics. Every scientist, for example, 
has a commitment to the reality of the external world. 
The distortion comes when the metaphysics is denied 
instead of being recognized and made as rational as 
possible. 

Understanding science is an indispensable part of a 
liberal education. To demonstrate my sincerity, I point 
out that at the University of Chicago one whole half of 
the first two years of every student’s education was 
natural science. St. John’s College, with which I also 
had something to do, is the only college in the United 
States that requires four years in the laboratory for every 
student. An education without science is no education at 
all. The imitations and possibilities of science cannot be 
understood without scientific training, and our very ex- 
istence depends on comprehending these limits and pos- 
sibilities. 

We do not know what science is, and partly as a result 
we do not know what politics is. Mr. C. E Snow is wrong 
about the two cultures. There is only one, and it is 
pseudo-scientific. 
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T he leading phenomena of our time exhibit a 
curiously ambiguous character. Technology may 
blow us up, or it may usher in the paradise of 
which man has been dreaming ever since Adam and Eve 
got kicked out of the first one. Bureaucracy may stifle 
democracy or be the backbone of democratic govern- 
ment. Nationalism may disrupt the world or prove to be 
the necessary precondition of a world community. 

Unfortunately these ambiguities do not lend them- 
selves to scientific procedure. Our essential problem is 
what kind of people we want to be and what kind of 
world we want to have. Such questions cannot be solved 
by experiment and observation. But if we know what 
justice is, which is not a scientific matter, science and 
many other disciplines may help us get it. 

The problems resulting from these ambiguities are not 
going to be solved by men of fractional or pseudo-cul- 
ture. The solution depends on moral and intellectual 
virtues rather than on specialized knowledge. It ;s a 
humbling thought to recall that 25 per cent of the SS 
guards in Nazi Germany were holders of the doctor's 
degree. 

The solution of these problems must lie in the reor- 
ganization of American education and in the redefinition 
of its purposes. A liberal education, including scientific 



education, must be established for all, and true intellec- 
tual communities must be built where men may over- 
come the limitations of their fractional cultures. This 
would require a drastic change in what the nation expects 
of American education, and an equally drastic alteration 
in the habits of academic people. I think it will be agreed 
that this cataclysm is not likely to occur in the lifetime 
of the youngest person reading this. 

The immediate program, then, has to be something 
else. It must be an attempt to build intellectual commu- 
nities outside the American educational system and to 
form widespread connections among the intellectual 
workers, using these communities as points of intercon- 
nection. The hope for the immediate future, as far as we 
have one, must rest in our capacity to communicate with 
the adult population. For one thing, unless we do, the 
rising generation may not have a chance to rise. 

It is i;f centers like the Center for the Study of Demo- 
cratic Institutions and in the multiplication of meetings 
like the ore that produced these papers that we might 
get some help with the development of a real culture, and 
a real understanding of kinds of knowledge and the lim- 
its and potential of each kind. The radiation from these 
points might light the path to a just community for our- 
selves and for the world. 



Scott Buchanan 



The implication in discussing the nature of science and 
technology is that a distinction should be made between 
science and technology. Such a distinction is almost 
wholly unrecognized in our scientific cultural environ- 
ment In a recent seminar in which I participated the 
question of the difference between science and technol- 
ogy came up and the answer was: “There isn’t any. We 
no longer separate them.” This is a shocking statement. 
It is sobering to think that there is no possibility of 
distinction. 

C. P Snow has said that scientists and technologists 
have become soldiers. They are not working for them- 
selves: they accept orders from others. They are not able 
to take responsibility for their own strategic judgments 
in science, to say nothing of the uses to which their work 
will be put. Whether the decisions are being made on the 



scientific or the technical level, scientists are not making 
them. 

President Eisenhower in his farewell speech pointed 
out two things that needed to be watched: the hook-up 
among the military, the scientific community, and the 
industrial community, and the hook-up between the 
scientist and the administrator. We may have heard more 
about the scientist-soldier than about the scientist-man- 
ager, but the latter is equally threatening to the political 
community. 

When a scientist is a soldier, he is subject to direction 
and is a means to an end established by someone else. 
When he is a manager, he sets the goals and directs other 
people. But this may not be as deep a paradox as it first 
appears. Both as a soldier and as a manager the scientist 
is involved in practice, in practical activity. He is work- 




4 



13 




ing in what a traditional philosopher would call the 
“realm of practical reason.” Usefulness is the standard 
by which he judges his work. Thus it is difficult to dis- 
tinguish between science and technology because part of 
the meaning has gone out of science. The scientist has 
diminished not because he has become irrational, un- 
reasonable, or arbitrary but because he has become a 
technologist. 

Limiting science to the practical realm is compara- 
tively new. Science was not born in the fifteenth or six- 
teenth century. The word “science” has had a long usage 
-about 3000 ycars-and until modem times its meaning 
contained concern about truth, pursued by speculative 
or theoretical reasoning rather than practical reasoning. 
These too arc diminished words. Speculation has become 
something done on the stock market, and theoretical 
means “academic” to the general public. To the technical 
scientist theory is simply a means to an end. But there 
arc some slightly old-fashioned scientists around who feel 
that the essential nature of science is not involved with 
practical reason. They say the scientist’s work is to dis- 
cover the truth, formulate it, and make it a matter of 
public as well as professional knowledge. 

In Thorstein Vcblen’s striking phrase, “A scientist is 
addicted to the practice of idle curiosity.” This defiant 
definition states in a humorous way a high dogma about 
what science is. This is the origin of the popular notion 
that the scientist is neutral on questions of utility or on 
the affairs of practical life. Idle curiosity means that the 
scientist is concerned only with truth. The results of the 
search for truth may be used for good or evil, but it is 
now said, even by scientists, that judgments about their 
use cannot be made by science. 

If the scientist’s concern is truth, it is his responsibility 
to be sure that science is not misused so that something 
false comes out of it. The burden of maintaining the 
activity of discovery implies a responsibility for academic 
freedom, but few scientists have defended academic free- 
dom in this country though it has been in danger for the 
last generation. Perhaps it is because most scientists do 
not distinguish science from technology. Academic free- 
dom may not be essential to questions of application and 
use. There is not much point in defending it if truth is 
not the object If there is any absolute reason for aca- 
demic freedom, it is that the search for knowledge of 
truth is an activity of human beings essential to every- 
thing else they do. The heaviest responsibility of the 
scientist to society may be to refuse to make himself 
useful. 



S everal kinds of sharply different judgments are to 
. be made about the whole range of science and 
technology. The scientist, as a man concerned 
about the truth, makes one essential judgment about his 
findings: whether they arc true or false. The technician, 
as an original inventor or as an adapter of something 
already discovered, makes a judgment of usefulness or 
fitness. He decides whether it works, and need not judge 
whether it is good or bad in any other sense. Business or 
industrial interests make different judgments from those 
of the scientist or technologist, which partly explains the 
difficulty of communication between the laboratory and 
the industrial manager. A much more general judgment 
about the utility, validity, and desirability of scientific 
work is made by society and imposed by social pressures. 

But there is something missing in this scries of judg- 
ments. The purposes of science may be considered by 
the scientist as a professional man. “Profession” as it was 
once understood meant more than a specialty. Universi- 
ties were founded in Europe to educate and certify those 
who aspired to the professions, and the training included 
more than science. Students were taught the liberal arts, 
and achieved a realization of a larger theoretical, specu- 
lative body of knowledge in which the sciences are 
placed. From this point of view it is possible for a scien- 
tist to stand before the community and say “yes” or “no” 
to the alternative applications of science. But we no 
longer understand what the liberal arts arc. We call them 
philosophy, but philosophers have shrunk ; nto depart- 
mental academicians. The professional man, in fact the 
whole society, docs not have a good philosophical back- 
ground, and as a result there is a kind of judgment that 
is not being made. It is the only kind of judgment that 
could distinguish between science and technology. 

Although medicine has lost a great deal of the philo- 
sophical professional integrity that was once expressed 
for an earlier time in the Hippocratic oath, physicians as 
individuals and as a group still make professional judg- 
ments. They do not prescribe poisons indiscriminately; 
they do not let commercial pharmacists dispense certain 
drugs without prescription; they judge malpractice. Al- 
though these judgments seem to belong to ethics, they arc 
not primarily ethical. They ‘are based on the professional 
theoretical knowledge of the physician. If the natural and 
social sciences wish to become professional, they need to 
discover and formulate such judgments both for them- 
selves and for society. But in order to do that they will 
have to become philosophical enough to distinguish be- 
tween truth and workability. 
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Donald N. Michael 



Anthropologists and historians tell us that a crucial junc- 
ture in the life of a culture occurs when the assurance 
that it has gained from an unchallenged world view of 
values, goals, and logic confronts the unchallenged world 
view of another culture. It is not easy for men to change 
their view of the world, for it is part of their view of them- 
selves. The challenge of other values threatens all that 
has given them comfort and support. It takes strong men 
and felicitous circumstances for a society to ride out the 
storm of contact with another culture and learn and 
grow anew. 

It is by no means certain that this will happen. Some 
people are shattered by new experiences; so are some 
cultures. As segments of society splinter and converge, 
new institutions and new modes of thinking are gener- 
ated. Some societies blossom in their revised form; 
others die. 

Today we are faced with such a cultural crisis. The 
problems of making suitable policies for scientific work 
in the government arise chiefly from a profound cultural 
conflict. This conflict is the three-way confrontation 
among the scientific community, the non-scientific polit- 
ical governmental community, and the general public. 

What is meant here by an adequate policy for federal 
science must be made clear at the outset. Such a policy 
would reconcile the needs of science and technology with 
the needs of the rest of society. Policy now springs from 
resolving disputes for priority among various projects. It 
is made in many places, from the Pentagon to the De- 
partment of Agriculture, as well as in those offices as- 
signed part of the policy-making task. But nowhere do 
the social implications of science have a basic part in Che 
formulation of policy. 

Today, science and technology are not neutral. Not 
only does their development require vast social and 
human resources, but they are pursued because their 
powers for enhancing or degrading humanity are recog- 
nized. This non-neutrality demands an explicit relating 
of science and technology to the needs and processes of 
society. This relationship should be the foundation of 
federal science policy. 

The one consensus among the three cultures— the sci- 
entific community, the non-scientific political commu- 
nity, and the public-is that the task of government is to 
serve the general public. There is no such agreement 
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about the relationship of science to government and to 
the general public. There is no set of values mutually 
subscribed to by the three cultures that defines the proper 
purposes of science and technology and thereby the ap- 
propriate restraints and supports needed to fulfill those 
purposes. Nor is it clear that such a set of values can be 
deliberately produced. Values do not derive solely from 
rational considerations. They are historical products of 
emotion and plain accident as much as, or more than, 
reason. This is one weakness in the thesis that the scien- 
tific method by itself can solve society's problems. 

Within each of the three cultures are men and institu- 
tions with different viewpoints and different goals. These 
dissimilarities arc crucial. Some of them derive largely 
from training; some arc induced by the preconceptions 
that each group has about the other two and about itself. 
Two of the three arc contending for*the power to insure 
that their particular values will prevail: the science com- 
munity and the non-science governmental community. 
The general public has essentially no power. 

T he science community is represented at its upper 
levels by two types of scientists. The “tradi- 
tional" type considers government to be syn- 
onymous with mediocrity and irrationality. These men 
feel that science must be left free to pursue its own ways. 
Their attitudes toward the rest of society are frequently 
ambivalent. They avoid involvement in social questions. 
Some of them perceive society as subject to, if not al- 
ready operating along, logical lines. Others consider soci- 
ety as incorrigibly irrational and therefore unrelated to 
them. They are seldom asked to consider the social im- 
plications of their actions. By attending to their work, 
advising on the technical merits of this or that proposal, 
they can maintain the comfortable delusion that science 
can still be pursued without thought of the social conse- 
quences. Frequently they work for the university or for 
big industry, advancing the favorite programs of their 
employers. 

Then there is the new breed of scientist around high 
Washington conference tables— the science entrepreneur, 
the “political" scientist. These men want to manage the 
bureaucracy to the extent necessary to make it behave 
the way they think it should. They have a sense of polit- 
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ical technique, and they enjoy and seek power. Like the 
traditionalists, they feel that science is theirs, that no one 
else has the right to tamper with it. It is they who should 
decide which projects deserve emphasis. They believe a 
good dose of science would fix society fine, as C. R Snow 
has so frequently tried to demonstrate. There are wise 
and modest men with social imagination in this sub- 
culture, but frequently the powerful members of this 
group are self-assured to the point of arrogance about 
their own abilities, about the over-riding rightness of sci- 
entific values and methods, and about the validity of 
their view of how society operates and what it needs. 

The srieocc entrepreneurs are supported by and in 
turn support big business, big publicity, big military, 
sometimes big academia and parts of big government. 
They arc both the captives and the kings of these power- 
ful coalitions — kings for obvious reasons, captives be- 
cause in reaping the benefits of affiliation they capitulate 
in some degree to the operating principles of these insti- 
tutions. They have climbed to power through conserva- 
tive hierarchies and tend to hold conservative values. The 
infusion of emigres from the disciplined institutions of 
Luropc seems, in general, not to have been a liberalizing 
influence. The more powerful the “political” scientist 
gets, the more omnipresent he is at major deliberations 
on science policy. 

The non-scientific community in Congress and the 
bureaucracies regards itself as the bones, meat, and 
brains of government and society. They resent the 
“woolly-headed” scientist who may be trying to change 
their ways or implying that these ways are inadequate. 
They are not about to be displaced by a new attitude or 
a new kind of knowledge. Scientific expertise is respect- 
ed, but the political and social naivety that is supposed 
to accompany it is regarded with disdain. A general feel- 
ing exists among these “non-scientists” that science must 
be controlled. Usurpation of power is feared, partly be- 
cause of a conviction that science somehow cannot be 
stopped. 

These men consider society a non-rational environ- 
ment. They see the political process as subtle and chang- 
ing, responsive to many pressures of which science is 
only one, and by no means the most important. They 
view science as a means, not as an end. But they are con- 
fused about means and ends in general, as well as about 
the implications of science, and have no clear view of 
the proper role of scientists in formulating policy. 

These two cultures between them decide on national 
science programs. They are in deep conflict within and 



between themselves. There are great political and ethical 
splinterings in the science community alone. The entre- 
preneurs claim to speak for science, but speak only for 
their faction. The traditionalists are fearful and envious 
of the “political” scientists, upon whom they must de- 
pend for their survival, especially if they hope for accom- 
plishment in fields requiring expensive equipment or 
team research. Both groups are dissatisfied with the 
workings of government. 

G iven this clash of cultures, how can a valid basis 
- be found for policy-making in federal science? 
We must discover a common ground from 
which science and technology can be intelligently di- 
rected. We must be able to evaluate the social conse- 
quences of scientific innovation. We need to plan our 
economics to assure the effective and humane introduc- 
tion of modem technologies. We must equip government 
to meet new regulatory and managerial tasks. It is not 
clear that these responsibilities can be met by any tradi- 
tional form of government; nor is it certain that democ- 
racy can be preserved in doing so. What is clear is that 
we cannot continue to bumble along. 

Already we are in desperate trouble over nuclear 
weapons. We are about to be overwhelmed by that ter- 
rible blessing of medical technology, overpopulation. 
The social implications of biological and psycho-phar- 
macological engineering are already evident. Cyberna- 
tion is causing serious problems. What is more, our 
environment is being changed in ways no cybemetical 
system can cope with indefinitely. It must respond to a 
tremendous and growing range of information at increas- 
ing speed and with increasing accuracy. Instability of the 
system is the inevitable result. 

In spite of these menacing developments we remain 
unable to forecast the social consequences of technology. 
This is partly because of the limited vision of both the 
non-scientists and the scientists. The first group does not 
have sufficient knowledge of technology to sense the po- 
tentialities of new developments and therefore cannot 
predict their social impact, and they are too preoccupied 
with conventional assessments of political issues and 
impacts. The second group is aware of the technological 
possibilities but is not sufficiently sensitive to their social 
implications. Some of the scientists care only about the 
success of their favorite projects. Some apply to these 
problems a personal pseudo-sociology made useless by 
its arrogance or naivet6. And still others dodge respon- 
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sibility by arguing that technology itself is neither good 
nor bad, that its virtues are determined by its uses. 

Another reason why the social repercussions of sci- 
ence are difficult to forecast is that we have too little 
understanding of the social processes. This limitation 
has been fostered by the disinclination of the natural 
scientist and the government operator to stimulate work 
in the social sciences. The bureaucrat feels threatened 
by the possibility that formalized knowledge will replace 
“experience" and “political know-how." Furthermore, 
the social sciences might demonstrate that the products of 
technology, or even science itself, need social control . This 
is an unhappy prospect for those scientists who are feel- 
ing for the first time the satisfactions of wielding power. 

Since the consequences of scientific and technological 
developments are not fully predictable, it would seem 
impossible to establish priorities for individual projects 
on any sensible basis. Yet the forces of technological ad- 
vance compel some kind of choice. Creative talent is a 
scarce resource, and the availability of money is a polit- 
ical, if not a real, limitation. “Political" scientists push 
their preferences vigorously, and the very existence of 
large programs influences selections in the absence of 
better criteria. Priority decisions today depend on poli- 
tical and economic pressures, personalities, and public 
relations. 

The public relations juggernaut, in particular, imposes 
a crippling distortion on science and on those who would 
make scientific policy. From the laboratory to the 
launching pad science and technology are harried by 
promises about “product superiority" and the glamour 
of “breakthroughs." Commitments are quickly publi- 
cized and then science is pressed to maintain the “reality" 
of the commitments. The natural failures of science and 
the natural limits of accomplishment are covered by an 
ever-deepening layer of misrepresentation, deviousness, 
and downright lies. So pervasive becomes the aura of un- 
truth that it is hard for anyone, from the man in the 
laboratory to the public, to know where reality lies. 

A clich6 of our political folklore is that somehow the 
public will make everything right. In its wisdom it will 
judge between the contending power groups, evaluate 
technologies, establish a scale for priorities. But the pub- 
lic, the third culture, hardly knows what is happening. 
Understanding or judging the conflicts and compromises 
now occurring between science and government is far 
beyond its capacity. The public is caught between a 
publicity-induced fantasy world where science knows all 
the answers and a frustrating actuality which it does not 



realize is caused at least in part by the inadequate or in- 
correct use of science and technology. The frustrations 
are blamed on someone else: Russia, the government, 
perhaps the intellectuals, seldom on science. The public 
still believes in the mad scientist working on bombs, or 
in the humble scientist laboring over polio vaccine. The 
member of government, civil servant or politician, is per- 
ceived no more realistically. 

Rather than becoming able to resolve the problems of 
science policy, the public is likely to become increasingly 
alienated both from government and from science. As 
with many othe; groups in the past that have met cul- 
tures somehow superior to their own, the public may 
withdraw from the challenge of “adjusting up" to the 
new priests and the new power. How, in fact, can the 
ordinary citizen adjust up to a computer-run society and 
classified questions of life and death? 

O ne segment of the public will not surrender 
without protest. This is the group of articu- 
late, concerned laymen who are not solely 
scientists, politicians, or civil servants and who worry 
about the arms race, overpopulation, the ascendancy of 
the “political" scientist, and the inadequacy of non- 
scientinc bureaucracies. These people might be the mod- 
erators, the synthesists, for a new culture. They do not 
have the trained incapacities of those solely immersed in 
the two contending cultures, and they do have perspec- 
tive that the general public lacks. But these very charac- 
teristics may deny them the opportunity. The day of the 
technical specialist grows ever brighter The scientist will 
not freely yield his newly gained power, nor will the gov- 
ernment worker relinquish his long-held dominion. 
Neither is likely to give ground to a non-specialist who 
cannot build bombs or tread bureaucratic water, or 
otherwise play according to the rules of science and 
government. 

The character of the coming generation of scientists is 
changing. The attributes attractive to laboratory directors 
interested in team-work are bringing a new personality 
into science. The old-guard traditionalists may be on the 
way out. Those who succeed will be those who are good 
at working with — or subverting — the non-scientific bu- 
reaucracy. Will these men be good scientists? This is not 
the important question. The real concern is for whom 
they will speak, and for what ends. 

The problem in trying to resolve the ambitions of the 
two power cultures is that neither group has a clear view 
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of what it wants in the way of policy for governmental 
science. As long as there is no community of values to 
guide judgment, basic policy decisions cannot be made, 
much less decisions on specific priorities for specific 



project?. Yet crises are arising on every hand. The evo- 
lution of a consensus cannot be awaited. If this society 
does not learn how to assimilate the changes that con- 
front it, it will not survive. 



Chalmers Sherwin 



Science and technology are the key to the future, the key 
to power, and the key to the solution of the problems we 
face today. They alone will not save us, but if we seek to 
untangle our problems without them, we are lost. 

In the last thirty years the increasing sophistication of 
the physical and biological sciences has exhibited the 
properties of a true revolution. It has radically altered 
the social organization within which it grew. It emerged 
in less than one working generation, and the suddenness 
of it caught all of us off balance. People still believe that 
science can be handled by the techniques and devices 
that it has itself made obsolete, or that if the problems it 
has brought are ignored they will vanish. 

A common modern complaint is that while govern- 
ment has spread like an octopus, our problems have 
grown worse. It follows that the cure for our ills is less 
government. But government did not bloom spontane- 
ously. It grew in response to the scientific revolution. As 
men have invented more gadgets and uncovered more 
knowledge about the world, an enormous expansion of 
government has been necessary, both to protect the pub- 
lic interest and to foster further scientific advance. 

In 1800 the government of the United States played a 
modest role. It had an army, a postal department, a tax 
on whiskey, and some import duties; the Department of 
State kept track of the world. That was about it. But by 
1830 railroad and steamboat traffic began to grow, and, 
to regulate it in the public interest, so did federal power. 
Later, internal combustion engines were invented, more 
was discovered about aeronautical science, and suddenly 
airways had to be regulated. Telegraph, radio, and tele- 
vision each generated complicated governmental prob- 
lems. Modem chemistry and pharmaceuticals brought 
into being the whole field of food and drug control. 

The economic disaster of agricultural overproduction, 
a triumph of applied science, is a prime example of the 
difficulties that technology has handed to government. 



The farm problem rcajly began in 1862 when land-grant 
colleges were founded with federal support. By 1900 
science was being applied to agriculture on a big scale, 
and by 1920 food production was beginning to be exces- 
sive. Hybrids, modem machinery, new methods of food 
processing, and new types of fertilizers were developed, 
and all at once America was producing too much food. 
Science and technology caused the surplus, but the fed- 
eral government had to try to cope with it. Its efforts to 
do so, plus its efforts to make agriculture still more 
efficient, have spawned a giant bureaucratic structure. 

The biggest surge of all in government growth was 
caused by the exploration of the atom. In 1939, when 
science suddenly found a major key to the secrets, no one 
but the government could afford to exploit it. Science 
has not stopped finding keys— those to space, for exam- 
ple — and the job of the federal government has not 
stopped getting bigger. Atomic and space research are 
unsuitable for private exploitation, not only because the 
government alone can afford the massive costs, but also 
because the results require governmental control. 

The expansion of government suggests support for the 
idea that government should control science and tech- 
nology. The feeling that modem knowledge and power 
must somehow be turned to the public good has currency. 
Even those interested only in the progress of science want 
government to help sustain its advance. Whether govern- 
ment’s job is constraining science to serve the public 
interest or promoting the scientific front, or both, it must 
understand the phenomenon with which it is dealing. 

Unfortunately, the people running government often 
do not understand science and technology. Despite some 
notable exceptions, scientific ignoramuses usually handle 
scientific decisions. The serious technical questions, such 
as how atomic energy and military space operations can 
be controlled, will remain unanswered until this basic 
difficulty is somehow solved. 
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Government managers of science and technology often 
do not know their business, partly because, as C. P Snow 
argues, our educational system is no longer geared to the 
source of our power. Our power now rests on science, 
but we let those who administer and govern remain in- 
competent in the substantive knowledge of the area. 

The revolution in science can be distinguished from 
the industrial revolution by the fact that a high school 
undergraduate can understand the principles of the lat- 
ter. The steam engine, a railroad train, and, with a little 
more effort, even an electrical generator are within his 
grasp, but he gets lost in modem biochemistry, electron- 
ics, and nuclear physics. Mastery of this new knowledge 
is not quickly won. The subtleties of modem research 
and development, or even of technical production, are 
not easily learned late in life. But a manager must know 
the substance behind the problems he handles if he is to 
be effective. It is increasingly true that critical evaluation 
of substantive technical details is the very heart of policy 
decisions. The era of classical administrative formula- 
tion, “You name it. I’ll manage it,” is past. Today, few 
people except professional scientists have the technical 
sophistication necessary to make many of the crucial 
decisions affecting both science and society. 

U sing scientists in government seems an obvious 
answer to the dilemma of management. But 
creative scientists and engineers are usually 
outside government. Most creative physical scientists are 
in universities, which is remarkable considering the sal- 
ary structure. Private industry employs a big proportion 
of our scientific talent, which means that these scientists 
are under pressure to serve industrial aims and their loy- 
alties are often diverted from the public interest. 

Part of the reason why the scientific community is 
clustered outside government has been the mismanage- 
ment of science by the military. Military power must now 
be considered primarily in terms of science and technol- 
ogy. Yet military organization and education have not 
changed to fit the new facts. Obviously the military will 
need more and more scientifically mature personnel and 
fewer squadron leaders, but it continues to train squad- 
ron leaders. What is more, up to now it has had a nega- 
tive approach to its selection of scientific management 
Processes used to select a good man to run a submarine 
are applied, despite their inappropriateness, to selecting 
a man to run a laboratory or to choose between two 
complex weapons systems. Good scientific managers are 



automatically weeded out, and poor ones promoted. 

Unfortunately, the traditional military organizational 
structure tends to be inimical to the promotion of scien- 
tific progress. It was designed to produce specialists in 
violence. Now suddenly the most critical task is the selec- 
tion of highly technical weapons systems— a function for 
which the military structure is not particularly suited. 

But scientists outside government still try to influence 
matters from the edges by pulling strings and poking 
their fingers into the wheels. They give generalized ad- 
vice, but the problems are specific. Someone must 
choose, for instance, between spending $500 million to 
make better re-entry vehicles for missiles or spending 
$500 million to build a completely different missile with 
a different basing system, and these decisions must be 
lived with. The kibitzing scientist, not responsible for the 
consequences of his advice, is at best of limited useful- 
ness; at worst, dangerous. 

Responsibility and scientific competence must some- 
how be brought together if government is to serve the 
public interest and if the right decisioqs are to be made 
to advance the intricate giant that science has become. 
Having the top ranks of government heavily staffed with 
ncople trained in science, who really know how to handle 
scientific problems, is a solution apparently not available 
to this country. Obviously it is being tried in Russia. 

In the United States the government, lacking scientific 
expertise, farms out its scientific problems to industry. 
The ordinary profit-making company has a very limited 
sense of public responsibility. It may be effective in pro- 
duction and capable of top-notch research and develop- 
ment, but its interests often — and necessarily - diverge 
from the public interest There is a tendency to let the 
government finance the long shots but to seize promising 
developments and exploit them with company money. 
Industry naturally tries to exploit governmental support 
for private gain (within legal limits) and steers the short 
course of its own health and well-being. If a company is 
to survive in this quasi-capitalist society, it must look out 
for itself first. Because of this inevitable self-interest, in- 
dustry must not be allowed to become the arbiter of 
national science policy by default. 

O ne promising scheme for handling science and 
I technology in the public interest has been the 
non-profit organization, or, as they prefer to 
be called, the public trust organization. The government 
first used the non-profit device in about 1820, when it 
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gave a contract 10 the Franklin Institute in Philadelphia 
to find out what made steam boilers explode. In the last 
thirty or forty years there has been a proliferation of 
non-profit organizations which have been extremely ef- 
fective in basic research, applied research, and even pro- 
duction. A number of these are run by universities, such 
as the Argonne Laboratories of the University of Chi- 
cago, M.I.T.’s Lincoln Laboratory, and the University of 
California’s two weapons research labs and its operation 
at Los Alamos. There are also private non-profit com- 
panies like RAND, System Development Corporation, 
and Aerospace Corporation. 

The main advantage of these organizational inven- 
tions is that they are insulated from bureaucratic med- 
dling. They work on governmental problems outside the 
governmental structure. They typically have a broad 
charter in which their responsibilities are general, their 
budgetary restraints non-specific, and monitQrship of 
their operation reasonable. They permit a freer use of 
scientific talent. They break through the unrealistic ceil- 
ings set by government on the salaries of scientists and 
allow the public service to compete on an even economic 
footing with private industry. Most important, they are 
able to maintain an atmosphere congenial to the scien- 
tific community. 



James 

Almost 80 per cent of all research and development 
monies are furnished by government, of which all but a 
small fraction are directed at prompt application to the 
technologies of warfare and its endless supporting ap- 
paratus. 

It is unlikely that we sh*all ever hear again such lines 
as were delivered in 1958 by a distinguished Nobel Lau- 
reate physicist to an assembly of his colleagues. “The 
scientist,” he insisted, “has no idea what disposition will 
be made of his work. There is usually' at least a two-year 
lag between his discoveries and their unpredictable ap- 
plications.” The Laureate went on to spin out this thesis 
of disassociation, even though everyone in the hall was 
intimately aware of the hundreds of laboratories and 
plants created for and totally supported by government, 
populated by tens of thousands of physical scientists 



This kind of freedom is necessary for scientific accom- 
plishment, and the method has proved itself. In terms of 
technological productivity the non-profit groups have 
been extremely successful, particularly with the AEC. 
But the freedom on which their success is based is 
achieved by a delegation of power from government, and 
even though they have strong internal commitments to 
the public interest, and their actions usually serve that 
interest well, they do not literally represent government. 

What is needed is an invention inside government 
equivalent to these non-profit corporations. Within gov- 
ernment a delegation of authority and responsibility 
could be made to large self-contained units. The liberty 
necessary for a benign environment for science could be 
preserved, and creative scientists might be lured into 
government service. Yet the power to direct the course 
of science and weigh its consequences in terms of the 
public welfare would not be relinquished. The AEC sys- 
tem, an experiment in governmental management of sci- 
ence and technology, is a significant step in the right 
direction. 

A new and better marriage must be made between 
governmental responsibility and scientific capability if 
the full promise of science is to be realized and its perils 
escaped. 
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working cheek to jowl with lesser folk to achieve specific 
and immediate technological ends. 

As incredible as this posture was in 1958, it is now 
even more absurd. Today there are fourth and fifth gen- 
erations of scientists who have never worked on anything 
but weaponry and who view their careers as lifelong. 
They are permanently dedicated to the invention and 
construction of what may appear to be a succession of 
weapons systems stretching through foreseeable time. In 
a real sense, these men are institutionalized: captive to 
their narrow specialties and to the paymaster, the grant, 
and the contract. 

The military, who are the ultimate appliers of the lab- 
oratory invention, are not threatening to us because of 
their eagerness to fight or to govern. I believe that they 
are generally a good deal less belligerent than some of 
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their predecessors in these last twenty-five years. It is 
the delicate and dangerous gear with which they arc 
charged that raises the specters of the consequences of 
accident, irresponsibility, or madness, common phenom- 
ena of any war, to such heights. And it is the latitude in 
making decisions for which the military is asking that 
suggests future perils for us. The military does not ob- 
ject to the decisions once they come; what they complain 
about is that getting the decisions through the civilian 
bureaucracy renders the strategic and tactical advantages 
of modem war equipages useless. 

What is the value of computerized, highly mobile war 
gear, they ask, when the opponent can come back in an 
hour with a decision that takes us three days to make and 
transmit? It should be apparent that a major crisis of 
decision will some day, somewhere, once and for all 
tumble the system whereby ultrasonic weapons and their 
attendants are controlled by the ponderous machinery of 
nineteenth century decision-making processes. 

It is clear that weapons diplomacy, the application of 
force as the trump card in international relations, is 
archaic. Worse, it is useless. To think otherwise, one is 
forced to ignore the microsecond weapons systems which 
have created such an unbearable crisis in international 
political decision-making processes everywhere, espe- 
cially in the democratic societies. 

My contention is that it does not have to be left this 
way; that perhaps before it is institutionalized complete- 
ly, the scientific community can make a massive attempt 
to balance the war system which they have bestowed on 
the republic with devices and systems to block its use. 
They can decide to turn a portion of their interest from 
the redundancies of thermonuclear overkill and the di- 
versions of outer space to the aid of the political process 
and the real defense of the free society. Specifically, I 
am asking if it is not possible to build into the framework 
of democratic governing processes advanced technolog- 
ical systems that will give us a chance to understand the 
current conditions and attitudes of the rest of thj world, 
its peoples, and its leaders; devices that will enable us to 
abort crisis situations or, once they are upon us, provide 
us with alternatives to violence. 

T here are obstacles to any significant movement 
of science toward a concentrated assault on 
problems of this magnitude. For one thing, 
they are hard. Science, for all its awesome fagade, now 
likes to do easy things. A large portion of the physical 
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science population has been immersed in polishing in- 
ventions twenty or more years old. The behavioral and 
social sciences, bemused by access to electronic counting 
gear, each year load the trade magazines with projects 
of increasing triviality. In spite of some progress, the 
scientific pecking order is still much as it has been, rig- 
idly segregated by craft status and increasingly insulated, 
one discipline from another, by staggering inventions of 
professional syntax. 

In a very few areas, attempts are being made to attack 
the problems of the social and political orders by at least 
asking questions of the technicians stultified by their 
long tenure in the weapons business: 

What, if anything, can the wondrous machines do to 
help us assess the hopes, fears, and aspirations of the 
world in a continuous way? Is there, for example, noth- 
ing science can do to close the technical gap between 
doorbell- ringing opinion-gathering methods and the ca- 
pacity of the million-bit memory drum, which is now 
sometimes diverted to such uses as predicting the best 
bus schedules from California to a Nevada gambling 
house? 

Is there no better way to guide our governors than by 
the guesswork of the people who have elevated them- 
selves to the role of “operations analysts” and who, for 
lack of our possession of better methods, profoundly 
affect the gravest decisions of history? 

What, we ask, is “credibility”? Is it the same to one 
man as it is to another? 

In the same patois, what is “rational behavior”? Is it 
the same to an Israelite as to a Formosan, to a Japanese 
as to a Nebraskan? 

What arc the components of “threat” that finally tote 
up to being “intolerable”? 

Can incipient paranoid behavior out of the forces of 
complex circumstances be predicted in a people or their 
leaders? If not, a useful understanding of mass behavior 
is not foreseeable, and most of psychiatry, psychology, 
and a good deal of physiology must be marked off as 
limited individual therapeutic techniques. 

The questions go on, infercntially urging all the disci- 
plines of science to consolidate and press a fraction of 
the ingenuity and energy that has gone into the war sys- 
tem toward an information gathering and analysis sys- 
tem that can begin to help us out of the horror that by 
1965 will cause the equivalent of thirty-five tons of TNT 
to be assigned to the personal containment of every 
human being then living on the globe. 

Walter Lippmann has warned that neither the United 
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States nor Soviet Russia must push the other beyond 
that point of provocation and humiliation at which even 
the most rational nation “ean be provoked and exasper- 
ated to the point of lunacy where its nervous system ean- 
not endure inaction— where only violence can relieve its 
feelings. It is the business of government to find where 
that line is— and to stay well back of it.” And, I would 
add, it is the business of science to help government find 
and hold the line. 

Science must mount an unprecedented effort to furnish 
government with an assessment system that draws on the 
pertinent knowledge of all its branches and to transmit 
it in usable form to the managers of the political and the 
military systems. The scientist no longer has the right to 
remain apolitieal. These efforts will have to be launched, 
maintained, argued, and defended by individual scien- 
tists. For example, since money is not only the lubricant 
but the propellant of scientific development, the scientist 



himself must start to influence the disposition of gov- 
ernmental research and development funds. 

I am no: asking for an overlying organization of sci- 
entists to tell us what to do and how to do it. I am asking 
for the attention of the individual scientist who is now 
immersed in weaponry or in the Next Fifty Years at 
Bell Labs. Science and its common-law wife, technology, 
have bathed long enough in the adulation of the popular 
press and in the awe in which great segments of the 
society have held them because of their creation of such 
impressive murder machines. Now they must turn to in- 
ventions of far greater novelty, complexity, and impor- 
tance. The mounting of the thermonuclear war maehine 
has stultified international order and crippled our hopes 
to revive it by traditional political and social means. Now 
science must somehow furnish us a parallel system of 
equal impressiveness under which their highly refined 
system of murder machines may be controlled. 



Lynn White, Jr. 



About a hundred and thirty years ago Auguste Comte 
schematized human history in terms of three ages: the 
age of religion, the age of philosophy, and the age of 
positive knowledge or science. He had faith in science, 
and his positivism is the heart of modem orthodoxy. All 
of us today take for granted that humanity is progress- 
ing from bondage to mastery of the natural environment, 
from superstition to knowledge, from darkness to light. 
It is axiomatic that science is the exploration of an end- 
less frontier and that its processes cannot be reversed or 
even seriously interrupted. Every American or Euro- 
pean, every Asian or African deeply influenced by West- 
ern culture, has implicit trust in the inevitability and 
rightness of this onward sweep of science. Even the 
churches embrace the new orthodoxy, if they are judged 
more by what they do not say than by what they say. 

The modem positivist is a man of faith as much as 
was the medieval mystic. The concept of human destiny 
secularized by Comte was evolved by Joachim of Flora, 
a Cistercian abbot of the late twelfth century, who di- 
vided history according to the Trinitarian dogma, equat- 
ing the ages of the Father, the Son, and the Holy Ghost 
with an age of fear, an age of love, and an age of freedom. 



Joaehim's vision was taken up by the left wing of the 
Franciscan movement and broadcast over Europe. It was 
inherent in the thinking of late medieval and early mod- 
em proletarian revolutions and underlies the Marxist 
straight-line notion of human destiny. When Comte 
transmuted Joachim's formula, he was replacing one 
faith with another closely related to it. 

No faith can afford to reign unexamined. Our habit 
of regarding scientific progress as inevitable may in fact 
be dangerous to its continuing vigor. In every civilized 
society something that can legitimately be called sci- 
ence has existed, but the amount of energy put into it 
has varied enormously. In every age minds of great 
ability are attracted to the focus of cultural interest, be 
it the fine arts, literature, religion, scienee, or something 
else. If the cultural climate shifts, the concentration of 
intellectual energies and capital investments follows. 

Science must have a positive emotional context to 
thrive, as well as economic and political encouragement. 
Legislatures and corporate bodies must reach decisions 
favorable to science, and investors and voters must ap- 
prove what their representatives do. Parents must want 
science in the. education of their children. Above all, a 
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significant proportion of the ablest minds must choose to 
dedicate themselves with passion to scientific investiga- 
tion if the movement is to progress. 

The modem outburst of scientific activity is not nec- 
essarily permanent. The cultural support that science 
enjoys today rests more on fear of foreign enemies and 
of disease than upon understanding, and fear may not be 
a healthy or lasting foundation. Science needs its states- 
men, and statesmanship demands the long view. The 
future of science, like its past, will be largely a matter of 
accident unless measures to assure its continuance are 
attentively sought. Since the energy that civilization ex- 
pends on any activity depends on the cultural climate, 
the important question today is: What can be done to 
insure an affirmative social context for science? 

The historian has no ready answers. No professional 
historian thinks that history repeats itself. History does 
not foretell the future, but study of the past may provide 
some keys to understanding. Above all, knowledge of 
history should liberate us from the past and enable us 
to be vividly contemporary. Viewing human experience 
in vastly different circumstances helps to dislodge pre- 
suppositions, and may free our ideas about what needs 
to be done to assure the future of science. 

T he prestige of science today sustains a common 
but false assumption that any robust culture 
must have had considerable scientific activity. 
Now Rome was immensely vigorous. Languages de- 
scended from Latin are still spoken from Tijuana to 
Bucharest. The overwhelming mass of legal structures of 
the world, not only in Europe but in Asia and the Com- 
munist countries as well, is descended from Roman 
law. The Romans had vast creative ability and original- 
ity; yet there was no ancient Roman science. Nothing 
that can be called science existed in the Latin tongue 
until the twelfth century. From our modem point of 
view, Roman indifference to Greek science was abso- 
lutely spectacular. It has been argued that by the time of 
the Roman Empire Greek science was so far past its 
great days that it could not attract the vigorous Roman 
mind. But distinguished Greek scientists, such as Galen, 
lived for long periods in Rome. As for the “petering out” 
of Hellenic science, one of the most original Greek scien- 
tific thinkers, Philoponus of Alexandria, was contem- 
porary with Justinian in the sixth century. Greek science 
was available to the Romans, but was ignored. 

Even more disconcerting is the case of Islamic science. 



During some four centuries, from roughly 750 to 1 150 
A.D., Islam held the lead in scientific activity. In the 
eighth century a government-supported institute of trans- 
lation emerged in Baghdad. Very nearly the complete 
corpus of Greek science and a major part of Indian 
science were made available in Arabic within about 
eighty years. Original scientific work began appearing in 
Arabic by the late ninth century, especially in mathe- 
matics, optics, astronomy, and medicine. 

In the early tenth century AI-Razi, an Islamic physi- 
cian, produced a book known eventually in Latin as 
Liber Continens, an encyclopedic codification of Greek 
and Hindu medicine, including a great deal of Al-Razi’s 
own observation. It is probably the biggest single book 
ever written by a medical man, and is a superb work. In 
1279 it was translated into Latin for Charles of Anjou 
by a Jewish physician of Agrigento in Sicily. It was pub- 
lished in Brescia in 1.486 and reprinted four times before 
1542. It was a fundamental medical reference book for 
centuries, and was entirely absorbed into the stream of 
Western medicine. But perhaps the most striking thing 
about it is that no complete copy of Al-Razi’s great medi- 
cal encyclopedia exists in Arabic. It was practically for- 
gotten in Islam after a few generations. 

The Arabic-speaking civilization knew what science 
was and was proficient in it. For four hundred years sci- 
ence was one of its major concerns. But a crystallization 
of other values occurred in the late eleventh century 
which shifted the whole focus of Islamic culture. Science 
was abandoned, and abandoned deliberately. 

Christianity’s relation to scientific activity has varied 
greatly through the ages. It has been said that early 
Christianity killed Greek science; but Christians were no 
more indifferent to science than were contemporary 
pagan Romans. The early Christian attitude was based 
on the view that natural phenomena were relatively un- 
important. Only spiritual values had significance. The 
natural world deserved attention solely because God used 
it to communicate specific messages to the faithful. 

This concept of the function and nature of the physical 
world is illustrated in a sixth century story about Pope 
Gregory the Great. Gregory, not yet Pope, had seen 
English slaves in the Roman slave markets, and decided 
to evangelize this pagan people. He received permission 
from the then Pope and started for England. On the 
evening of the second day out, while he was resting and 
reading, a locust — locusta in Latin — hopped up on his 
book. He knew that God was speaking to him. The Latin 
words loco sta mean “stop”; he took this to be the mean- 
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ing of the message and went no farther. The next day 
couriers from Rome reached him and summoned him 
back. The people of Rome had demanded that the Pope 
recall Gregory from what would have been a lifelong 
mission because they desperately needed his leadership. 

It is plain that science could not flourish in a culture 
that held to such a “rebus” interpretation of natural 
phenomena. But by the twelfth century this attitude be- 
gan to change, at least in the Latin West. People began 
to pay more attention to the physical world. Sculpture 
of the early Gothic period clearly shows that the artist 
looked at real vegetation when he carved ornamental 
leaves or flowers. In the thirteenth century St. Francis of 
Assisi supplemented the doctrine that material things 
convey messages from God with the new idea that natural 
phenomena are important in themselves: all things are 
fellow creatures praising God in their own ways, as men 
do in theirs. This new notion opened a door to natural 
science, and partly explains the enthusiasm for experi- 
mental science in the Franciscan order at that time. 

Another concept crucial for the whole development of 
modem science was emphasized in the thirteenth century 
and found its clearest spokesman in the Franciscan friar 
Roger Bacon. He said that there are two sources of 
knowledge of the mind of God— the Book of Scripture 
and the Book of Nature— and that each of these must be 
searched by the faithful with equal energy. He pointed 
out further that study of the Book of Nature had been 
sorely neglected. 

This idea, natural theology, changed the role of men 
from passive recipients of spiritual messages through 
natural phenomena to active seekers for an understand- 
ing of the Divine nature as it is reflected in the pattern of 
creation. Natural theology was the motivational basis of 
late medieval and early modem science. Every major 
scientist from about 1250 to about 1650, four hundred 
years during which our present scientific movement was 
taking form, considered himself primarily a theologian: 
Leibnitz and Newton are notable examples. The impor- 
tance to science of the religious devotion which these 
men gave their work cannot be exaggerated. 

Why did the idea of an operational natural theology 
emerge in the thirteenth century, and in the Latin West 
alone? There was no similar development in Greek 
Christendom. It may have sprung from the key religious 
struggle of the time, the battle of Latin Christianity with 
the great Cathar heresy. Early in the thirteenth century 
it looked as though the Cathars were going to get control 
of a strip of territory extending from the middle Balkans 



across northern Italy and southern France almost to the 
Atlantic coast, separating the Papacy from the more 
orthodox areas of northern Europe. The Cathars’ major 
doctrine was that there are two gods— a god of good and 
a god of evil. The visible universe is the creation of the 
god of evil, which means that living a good life involves 
having as little as possible to do with physical actuality. 
Christianity holds that matter is the creation of the one 
good Diety. In the process of upholding the Christian 
position against Catharism, natural theology assumed a 
new relevance and vividness. 

Natural theology was unquestionably a major under- 
pinning of Western science. By the time the theological 
motivation began to diminish, Western science was 
formed. Today the motive force of natural theology has 
long been spent, and it does not seem to have been re- 
placed with any other idea of equal power. Are modem 
scientists quite sure why they are pursuing science? Sci- 
ence is fun, a ad the exhilaration of the chase may keep 
it going for a long while. But will scientific advance con- 
tinue without more serious impulsion? 

S cientists must become increasingly aware of the 
complexity and intimacy of science’s relationships 
to its total context. The modem tendency to re- 
gard science as somehow apart from, or even dominant 
over, the main human currents that surround it is dan- 
gerous to its continuance, and can be harmful even to 
progress within science. The veneration of the circle is 
an example of a general presupposition that constricted 
even so great a scientific mind as Galileo’s. Galileo, in 
bondage to the axiom that the circle is the perfect curved 
form and therefore necessary to any significant specu- 
lation, could not seriously contemplate Kepler’s thesis 
that the planets move in elliptical orbits. He neither ac- 
cepted nor refuted Kepler’s notion. He committed the 
unforgivable sin: he disregarded it. 

Fixation on the circle was almost complete in ancient 
culture. The Romans recognized only three ovoid forms: 
in arenas, in shields, and in the bezels of rings. Pagan 
Scandinavians used the oval for a type of brooch, but dis- 
carded it as soon as they were Christianized, i.e., Medi- 
terraneanized. The Middle Ages had no oval forms 
except occasionally the niml is surrounding Christ in 
scenes of the Last Judgment or the Ascension, and even 
this was a version of the ancient Christian fish symbol, 
pointed at both ends. As late as the fifteenth century, 
artists could not draw a picture of the Coliseum which 
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showed it oval. The first ascertainable oval design in a 
major European work of art is the paving that Michel- 
angelo designed in 1535 for the remodeling of the Capi- 
toline Piazza in Rome. Michelangelo and his successors 
during the next fifty years created an atmosphere in which 
ovoid forms became respectable, until finally Baroque 
art was dominated by the oval. Kepler’s astronomical 
breakthrough *was prepared by the artists who softened 
up the circle and made variations of the circular form 
not only artistically but also intellectually acceptable. 

While the sanctity of the circle long impeded science 
by closing avenues of speculation, another inherited 
classical idea of a very different sort restrained prog- 
ress by divorcing thought from practice. Manual labor 
was extolled for seven hundred years by monks, espe- 
cially the Benedictines, as being not merely expedient 
but spiritually valuable as well. With the late medieval 
revival of Greek and Roman attitudes, however, the 
classical contempt for manual labor reasserted itself. 
The universities emerging in the thirteenth century had 
faculties in the liberal arts, law, theology, and medicine. 
Medicine was the only discipline with an embarrassing 
manual aspect, and in order to retain their prestige the 
medics separated surgery from medicine. Surgeons did 
not want to be downgraded either, so surgery became 
largely theory. There are pictures showing a professor 
of medicine lecturing to students, while a theoretical sur- 
geon in turn directs a barber surgeon who dissects the 
cadaver. Medicine advanced during the latter Middle 
Ages, but it seems likely that it advanced less rapidly 
than would have been the case if the study of surgery, 
anatomy, and medicine had been carried on by the same 
people. Speculation too far removed from substance is 
often of limited value. The trend to purge university cur- 
ricula of “vocational” courses may contain a seed of decay. 



C urrent discussion of the problems of maintaining 
scientific progress usually focuses on the impor- 
tance of providing an adequate economic base 
for science and creating an atmosphere of political and 
intellectual freedom in which science may flourish. But, 
as we have seen, changes in science in the past have also 
to be related to changes in basic religious attitudes, in 
aesthetic perceptions, and in social relationships. More 
of our attention should be directed to an examination of 
the sources of our faith in science today, and to the well- 
springs of motivation that lead men to pursue science. 
Why does a man become a scientist? Why does he choose 
his manner of work, and how does he select the area 
that engrosses him? The answers to questions like these 
are not entirely economic or political. 

Our science itself may contain unexamined axioms, 
like the circular prison that held Galileo captive. Hypno- 
tism is an example of a phenomenon that science has not 
really tried to explicate, apparently because in some way 
it seems outside accepted categories of “reality,” although 
it has been used in amazing ways in dentistry and sur- 
gery. 

A distinguished surgeon told me about a delicate 
heart operation carried cut under hypnotism, and added, 
“That sure is fooling them.” But who is being fooled? 

The continuation of civilization as we know it depends 
on science, and the continuance of science would seem 
to depend on our ability to examine this sphere of human 
activity objectively and relate it to its human context. 
Those responsible for the statesmanship of science must 
develop a scientific understanding of science itself. They 
must become increasingly aware of the intricacy of the 
ecology of the scientist. We must learn to think about 
science in new ways unless we intend to leave the future 
of science to chance. 
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The Fifth Estate in the 
Seventh Decade 

The status of science and scientists 
in the 1960’s is reviewed. 



Paul M. Gross 



My distinguished predecessors of the 
past few years who spoke on similar 
occasions as retiring president of the 
AAAS dealt with various substantive 
aspects of science. At Chicago in 1959 
Paul Klopsteg, in a talk reminiscent of 
Bragg’s famous essay on the contribu- 
tion of British craftsmen to British 
science, depicted the role played by 
instrumentation in the development of 
science. The next year, in New York, 
Chauncey Leake described the develop- 
ment of a special area of science— that 
of pharmacology and physiology. Last 
year in Philadelphia Tom Park gave 
us an account of the origins, develop- 
ment, and outcome of his own research 
program as an investigator in biology. 

Tonight, instead of talking of my 
own field of physical chemistry, I think 
it may be of interest if I say something 
of the present status of science and of 
scientists, as I see it, from my experi- 
ence of almost a half century in scien- 
tific education, research, and adminis* 
tration. The reference in the title to the 
“seventh decade” is, of course, obvious. 
That to the “fifth estate” may not be 
familiar to some. This relates to the 
three estates of English history— the 
Lords Spiritual, the Lords Temporal, 
and the Commons. To these was added 
a fourth — by Edmund Burke, accord- 
ing to Carlyle, Burke is said to have 
observed, in a famous speech: “There 
were Three Estates in Parliament; but, 
in the Reporters’ Gallery yonder, there 



sat a Fourth Estate mo r e important far 
than they all.” If he were speaking to- 
day I am sure he would enlarge the 
gallery considerably and provide ample 
space for the commentators and col- 
umnists who, obviously, know all about 
the world and its affairs, both scientific 
and otherwise. So much for the fourth 
estate. 

The “fifth estate” of my title can best 
be described in the words of the dis- 
tinguished scientist and technologist 
Arthur D. Little, who first used this 
term in an address in 1924 at the 
centenary celebration of the founding 
of the Franklin Institute. 

This fifth estate is composed of those 
having the simplicity tb wonder, the abil- 
ity to question, the power to generalize 
and the capacity to apply. It is, in short, 
the company of thinkers, workers, ex- 
po unden and practitioners upon which 
the world is absolutely dependent for the 
preservation and advancement of that 
organized knowledge which we call 
science.” 

The status of science and scientists 
in the 1960’s is obviously a large sub- 
ject, and here I will discuss four as-, 
pects of it which I feel should claim 
our attention, thought, and understand- 
ing. The first relates to the greatly ex- 
panded* tempo, scope, and power evi- 
dent in the development of science 
during the past quarter of a century. 
Secondly, I would like to consider the 
increasing role of science and technol- 



ogy as an instrument of national policy. 
A third area meriting attention is a 
changing pattern of scientific activities 
and some implications of this. Lastly, 
and most important, for the future ad- 
vancement of science, is the place of 
science and scientists in our modern 
social structure and the interactions 
with that structure. 



Changes in Tempo, Scope, and Power 



Before elaborating on these topics, I 
think it desirable, even at the risk of 
covering ground familiar to many, to 
sketch briefly against their historical 
background some of the scientific de- 
velopments familiar to us. In doing this 
I will attempt to emphasize not the 
content of science so much as the 
changing characteristics of scientific en- 
deavor. For this purpose it will be con- 
venient to have two reference points in 
time: the late 1800*s just prior to the 
turn of the century and the decade from 
1925 to 1935. 

While the ranks of the fifth estate 
have grown rapidly in this century, it 
is still true that the number of scientists 
remains a small fraction of the total 
population. In the long years prior to 
1900 the voice of science in national 
and world affairs was rarely heard, and 
the individual scientist Working in his 
ivory-tower laboratory was a little- 
known member of society. Neverthe- 
less, contributions of science and tech- 
nology to human welfare and to the 
problems of the military, the growth of 
industry, and economic development in 
general were more important with each 
passing decade. Toward the end of the 
last century and in the early years of 
this one a new aspect of scientific ac- 
tivities began to emerge. This was the 
concept of highly organized team ac- 
tivity in scientific and industrial re- 
search. It was in Germany that this 
concept first appeared in any substantial 
measure, in the latter years of the 19th 
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century. Its effective utilization gave 
Germany a leading position in produc- 
ing such things as chemicals, pharma- 
ceuticals, steel and machinery, and 
similar products of industries where 
scientific and technical knowledge was 
a prerequisite for effective production. 
This lead over other countries, includ- 
ing’ the United States, was retained up 
to World War I. Some of us can recall 
hearing the news in the early years of 
that war, before our entry, that the 
German submarine Deutschland had 
successfully eluded the British naval 
blockade and landed in Baltimore har- 
bor. What may not be as well known 
is the fact that the cargo consisted of 
scarce pharmaceuticals and dyestuffs 
which sold at high prices in this coun- 
try because of our almost total depend- 
ence on Germany for such synthetic 
chemicals. On the return voyage the 
cargo was mainly tungstic oxide, as 
tungsten was a critical raw material 
in many areas of Germany’s advancing 
technology. Only after World War I 
and as late as the 1920’s did the in- 
dustrial research concept of today be- 
gin to appear as an important compo- 
nent of some of our own more techni- 
cally based industries. 

The world nitrogen supply and the 
fate of nations . Before this century 
much scientific thinking was still limited 
in its scope and heavily circumscribed 
by the walls of the laboratory. There 
were of course exceptions. Though the 
ranks of science were small in number, 
they included a goodly share of giants 
— such men as Maxwell, Rayleigh, 
Herz, and Rontgen, to me .lion but a 
few. One in the field of chemistry was 
Sir William Crookes, president of the 
British Association for the Advance- 
ment of Science at its Bristol meeting 
in September 1898. In his presidential 
address, after an excellent analysis of 
factors bearing on world food supplies, 
he spoke as follows. 

The fixation of nitrogen is vital to the 
progress of civilized humanity. Other dis- 
coveries minister to our increased intel- 
lectual comfort, luxury, or else conven- 
ience; they serve to make life easier, to 
hasten the acquisition of wealth, or to 
save time, health or worry. The fixation 
of nitrogen is a question of the not too 
distant future. Unless we can class it 
among the certainties to come, the great 
Caucasian race will cease to be foremost 
in the world, and will ie squeezed out of 
existence by the races to whom wh eaten 
bread is not the staff of life. 

That these 4 are still matters of vital 
interest today is seen by recalling cur- 
rent discussions of the population ex- 
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plosion, and discussions of this past 
fall relating to the sale of surplus 
wheat from this and other countries to 
help feed the millions in the Soviet 
bloc. 

While we all have general awareness 
of the important role of organized in- 
dustrial research in defense and in eco- 
nomic development, this can be focused 
more sharply by looking back at the 
events relating to the world’s nitrogen 
supply that occurred after 1898. Based 
on fundamental research in Germany 
and Scandinavia, in the period between 
1900 and World War I a new industry 
developed, that of nitrogen fixation. 
However, this was of only limited ca- 
pacity at the beginning of the war. 
Since nitrogen is essential not only for 
agriculture but also for the manufacture 
of explosives, as war became imminent 
Germany began stockpiling Chilean ni- 
trate. The first important naval en- 
gagement of World War I was fought 
not in the Atlantic but in the Pacific, 
off the coast of South America, in an 
operation in which British warships 
captured or sank a German merchant 
convoy carrying Chilean sodium nitrate 
back to Germany. With this event there 
were many predictions that Germany 
could siot last long in the war, with 
her very limited domestic sources of 
nitrogen. As with many predictions, 
these proved quite wrong in the out- 
come. During the war years, the Ger- 
mans, with their by then matured capa- 
bility in industrial research, were able 
to build the first major nitrogen fixa- 
tion industry in the world. Moreover, 
after her recovery from war and with 
the rebuilding of her commerce, Ger- 
many became the world's principal pro- 
ducer of nitrates and supplied these to 
Europe and the Atlantic seaboard at 
prices with which Chileans could not 
compete. The next step in this chain 
of economic events was a fiscal crisis 
in Chilean affairs, as a substantial part 
of the Chilean economy had been based 
for years on a tax on exported nitrates. 
Recovery from this crisis came only 
when, through research sponsored by 
American financial interests, more ef- 
ficient ways were found of mining the 
Chilean nitre deposits and of extracting 
and marketing as a valuable by-product 
the significant amounts of iodine that 
they continued. 

This illustration of changing condi- 
tions in the nitrate industry is but one 
of many that could be cited. In today’s 
highly technological civilization the fate 
of nations will depend increasingly on 
their store of scientific knowledge ob- 



tained through basic research, and on 
their capacity and ingenuity in apply- 
ing this knowledge to produce goods 
and provide services of all kinds. This 
is the basis of a sound economy and 
the key to its forward progress. 

Rather than continuing with an ac- 
count of more recent scientific and tech- 
nologic events familiar to all, I will 
simply point out that greatly expanded 
basic and applied research between 
World Wars I and II and after World 
War II led to such results as the high 
state of development of the airplane for 
transportation, the whole electronics in- 
dustry, the release of nuclear energy 
and its use for power and the propul- 
sion of naval vessels, and, finally, the 
successful launching of orbiting satel- 
lites. 

International Geophysical Year . 

More detailed review of similar devel- 
opments would quickly reveal much to 
support the thesis that there has been a 
greatly expanded tempo, scope, and 
power in activities in science during the 
past quarter of a century. So far as 
scientists themselves are concerned, this 
could almost be regarded as the emer- 
gence of a kind of fourth dimension in 
scientific thinking. Justification for such 
a statement is evident in a number of 
directions — for example, in the think- 
ing, planning, and execution that went 
into the project known as the Inter- 
national Geophysical Year. This was a 
bold frontal attack, involving interna- 
tional collaboration on a grand scale, 
which was made in an attempt to under- 
stand more fully the physical nature 
of the surface of our globe through a 
carefully planned survey of the scien- 
tific phenomena relating to the atmo- 
sphere, the oceans, and the input of 
radiation of all types to our near 
geosphere. .The information gathered 
was vast, and the discoveries were 
many. Their significance for a better 
understanding of such important phe- 
nomena as weather changes and cli- 
matic cycles is already apparent. As 
the many scientists interested in this 
area continue working on the large 
number of data that were accumulated, 
a much deeper knowledge of the sur- 
face of our earth can be expected. 

Another example of the type of 
thinking I have referred to, and one 
still on the scale of great dimensions, 
is the project currently under way 
which is known, for short, as "the 
Mohole.” This is an attempt, fraught 
with great difficulty,, to penetrate the 
earth’s crustal layers to acquire a better 
understanding of the nature, composi- 



tion, and behavior of its massive in- 
terior core. However, such scientific 
thinking and progress have not been 
confined lo endeavors of large dimen- 
sions, even global in scale. In the past 
decade, work of a highly competent 
team of mathematicians, physicists, 
chemists, and biochemists at Cambridge 
University has led to a better compre- 
hension of the basis of life processes, 
through discoveries of great significance 
in the field of molecular biology. The 
determination and unraveling of the 
complex molecular structure of giant 
molecules, such as ribonucleic acid 
(RNA) and deoxyribonucleic acid 
(DNA), have been major advances and 
outstanding illustrations of the effective 
collaborative, scientific teamwork so 
characteristic of much current scientific 
activity. 

Possible modification of the climatic 
cycle. A final example of thinking of 
this sort is a proposal by Ewing and 
others for possible modification of the 
age-old climatic cycle which results in 
repetitive glaciation of continental land 
masses south of the Arctic Circle. The 
geologic and related evidence from pre- 
historic times for the existence of such 
a cycle of ice ages with a period of 
perhaps 30,000 years appears clear. 
Ewing’s thesis, in broad terms, is that 
the occurrence of this cycle is related 
to the extent of accumulation of ice 
and snow on the polar ice cap within 
the Arctic Circle and also the ingress 
and exit of warmer waters from the 
Pacific and the Atlantic over the edges 
of the fairly shallow geologic basin 
which holds the Arctic Ocean. The con- 
clusion of the argument, which I shall 
not develop fully, is that this cycle 
could be altered by stopping or at least 
modifying the flow of water through 
Bering Strait between the Arctic Ocean 
and the Gulf of Alaska in the North 
Pacific. This would indeed be a gar- 
gantuan project in applied science, ex- 
ecution of which could only have been 
thought possible — whether desirable is 
another question — with the availability 
of nuclear explosives. Thinking of this 
type would, in my judgment, have oc- 
curred but rarely in earlier periods of 
the development of science. 

An Instrument of National Policy 

Much that I have outlined is evidence 
of the increasing role of science and 
technology as an instrument of national 
policy — the second topic under discus- 
sion. An illustration from behind the 
Iron Curtain at once comes to mind. 



Few of use like the tenets of Soviet 
ideology, though many take complacent 
comfort in the disparity between the 
present standard of living in Russia and 
our own. Nevertheless, Russia has 
forged ahead through the encourage- 
ment of science, through the systematic 
employment of the methodology of re- 
search and development, and through 
the extension to large segments of her 
population of free education oriented 
strongly toward rigorous training in sci- 
ence and technology. Nicholas DcWitt, 
who has studied the Soviet manpower 
and educational system intensively, 
states the situation in the postscript to 
his book Education and Professional 
Employment in the U.S.S.R. 

If the aim of education is to develop a 
creative intellect critical of society and 
its values, then Soviet higher education 
is an obvious failure. If its aim is to de- 
velop applied professional skills enabling 
the indivdual to perform specialized, 
functional tasks, the Soviet higher educa- 
tion is unquestionably a success, posing 
not only a temporary challenge, hut a 
major threat in the long*run struggle be- 
tween democracy and totalitarianism. 

While DcWitt’s first description of 
the aim of education may well give 
us pause when we think of values in 
relation to our own culture and so- 
ciety, and make us ask how well our 
own system of education has done, the 
validity of his concluding statement be- 
comes apparent from the perspective of 
little more than a third of a century. 
In this short period Russia rose from 
the rank of a third-rate power to a 
position, today, second only to that of 
our own country. 

National defense . There is a final 
element relating to the present role of 
science and technology as an instru- 
ment of national policy which must 
be mentioned. This concerns warfare 
and the preparation for warfare, or 
what is today euphemistically called na- 
tional defense. From the first develop- 
ment of gunfire in the 14th century 
there had been little real innovation 
in the practice of warfare until this 
century, though the Civil War did bring 
the introduction of steel armor and the 
submarine. In World War I, gas war- 
fare, tanks, and the aeroplane made 
their appearance. The development of 
the latter for military use between the 
two wars paced and enhanced the great 
development of commercial aviation, 
and this, in turn, has reduced passenger 
traffic on our widespread network of 
railroads to a fraction of its volume 
in the first third of the century. In 
World War II, radically new concepts 



such as the proximity fuse, the landing 
craft, and, of course, nuclear explosives 
were introduced. The war also saw the 
refurbishment and effective use of a 
very old device — the rocket. This was 
first used as a weapon by the Mongols 
about the middle of the 1 2th century, 
and it reappears from time to time in 
the subsequent history of warfare in 
various military versions. Francis Scott 
Key witnessed one of these occasions 
when he was a prisoner in a ship in the 
British fleet off Baltimore at the siege 
of Fort McHenry in 1814, and the 
spectacle inspired the line in our na- 
tional anthem: u And the rocket’s red 
glare, the bombs bursting in air. . . 

The high state of effectiveness to 
which rockets were brought toward the 
end of World War II through intensive 
research and development and the ad- 
vent of the German V-I’s and V-ll’s 
provided the background for today’s 
missile technology. Further develop- 
ment of long-range offensive missiles 
provided the launch rockets for orbiting 
satellites and for vehicles for space ex- 
ploration. These arc some of the ad- 
vances that have completely changed 
the whole aspect of warfare in less than 
a third of a century. In this area there 
can be no doubt that scientific advance 
and capability are indispensable instru- 
ments of national policy. 



Changing Pattern of Scientific Activities 

What, then, have been the effects of 
this great expansion of science and tech- 
nology, this changed scientific thinking, 
this involvement with national policy, 
on science itself, on its organizational 
patterns, and on scientists -and their 
pursuit of scientific endeavor? The ques- 
tion brings me to my third topic. These 
effects have been both major in scope 
and diverse in direction. They have 
been both favorable and unfavorable 
for the sound advancement of scientific 
endeavor. 

Consider first the positive side of the 
coin. Today, the nature and tempo of 
effective research requires ample fund- 
ing for men, machines, and facilities, 
and funds have been made available in 
rapidly increasing measure during the 
past third of a century. A glance at one 
area, that of nuclear and high-energy 
physics, will quickly reveal the scale 
and pattern of support. From relatively 
small beginnings, in such laboratories 
as those of Rutherford and the Curies, 
nuclear physics in the I920’s and I930’s 
moved steadily but slowly ahead. Sup- 
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port for the first generation of high- 
cncrgy machines, the early cyclotrons, 
came mainly from university funding 
and private giving by individuals or 
foundations. The demonstration, in the 
early years of World War II, of the 
feasibility of the nuclear chain reaction 
and of its significance for the release 
and utilization of nuclear energy in 
war and peace led quickly to federal 
support, first through the Manhattan 
District Project and later through the 
Atomic Energy Commission. The scale 
of this support was not in millions but 
in billions, and this pace continues to- 
day. However, the magnitude of ex- 
penditures, though indicative of the 
scale of modern scientific activity, is 
never a good measure of scientific 
achievement. 

Astronomy . Nevertheless, a brief sur- 
vey of several areas of science will re-- 
veal that great substantive progress has 
been made in recent years. A ease in 
point is the field of astronomy. Next 
to mathematics, this is the oldest of the 
sciences, dating from Babylonian times 
in the 3rd century B.c.,'and it has a 
long history of achievement before 
1900. The early years of this century 
saw the establishment, largely through 
private philanthropy, of u few observa- 
tories, such as that on Mt. Wilson, with 
telescopes and ancillary instrumentation 
larger and more effective, by an order 
of magnitude, than anything that had 
gone before. These were the forerun- 
ners of the large-scale scientific facilities 
familiar today — the giant cyclotrons, 
accelerators, and piles of nuclear phys- 
ics. As astronomy moved ahead through 
the first half of the century, its progress 
was relatively slow by comparison with 
the burgeoning development of the lab- 
oratory sciences of chemistry and phys- 
ics, which received much of their stead- 
ily increasing support from private, in- 
dustrial, and government sources. 

It was only after the establishment, 
at mid-century, of the National Science 
Foundation to support basic research 
that attention was turned to more ade- 
quate support for astronomy. In the 
middle 1950’s the establishment by nsf 
of the Greenbank Observatory as a 
National Radio Astronomy Observa- 
tory marked a turning point in the 
character of federal support for basic 
science and fundamental research. 
From this beginning, federal funds be- 
came available for “national” basic sci- 
entific enterprises, such as the Inter- 
national Geophysical Year in 1957- 
1958 and, later, the Kitt Peak National 
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Observatory in Arizona (near Tucson),* 
the Moholc project, and the Atmospher- 
ic Sciences Center in Colorado. With 
this type of support, scientific progress 
in a number of relatively neglected 
fields, such as astronomy and various 
branches of the earth sciences, notably 
oceanography, was greatly accelerated, 
and the development of pure science for 
its own sake became, and now is, an 
acknowledged instrument of U.S. na- 
tional policy. 

The individual scientist and organized 
endeavor . It is of interest to consider 
the effects of these changes on scientists 
themselves. These are manifest in a 
number of directions, but here I men- 
tion only two, which appear to be the 
most significant. The first may be de- 
scribed as a type of dilemma with which 
the individual scientist appears to be in- 
creasingly confronted. In earlier peri- 
ods the role of the individual scientist 
stood out clearly, and while the magni- 
tude of his contribution might occasion- 
ally be large, usually it was small, 
though still real and discernible. Each 
small contribution was a piece in a 
growing mosaic of knowledge of the 
particular field involved. As this mosa- 
ic grew from initially few pieces of 
data and information, and as the basis 
for their interpretation and correlation 
became dimly recognized, there was 
ample scope for individual initiative, 
and there was wide freedom of choice 
and of action. As progress in the field 
increased, the few individuals with 
greater insight helped shape the pattern 
of the whole and made it part of sci- 
entific knowledge. Much of this was a 
seemingly random and quite haphaz- 
ard process. 

To this somewhat inadequate de- 
scription of science in earlier years 
should be added the description given 
by Langley in his presidential address 
before the AAAS meeting in Cleveland 
In 1888. He characterized the pursuit 
of scientific research as “not wholly 
unlike a pack of hounds, which, in the 
long-run perhaps catches its game, but 
where, nevertheless, when at fault, each 
individual goes his own way, by scent, 
not by sight, some running back and 
some forward; where the louder-voiced 
bring many to follow them, nearly as 
often in a wrong path as in a right 
one; where the entire pack even has 
been known to move off bodily on a 
false scent. . . .” 

Whether or not cither of these de- 
scriptions is an adequate picture of 
earlier scientific endeavor, it is clear 



that, in spite of limitations of support, 
facilities, and equipment, there was am- 
ple room for individual freedom of 
choice and for the exercise of initia- 
tive, ingenuity, and resourcefulness. Out 
of this situation developed what we all 
inherit and cherish as the great tradi- 
tion of freedom in science and of com- 
munication in science, both nationally 
and internationally. This may be stated 
otherwise by saying that science is uni- 
versal and knows no bounds of geogra- 
phy, race, creed, or nationality. Many 
attributes characteristic of scientific en- 
deavor in earlier periods still hold for 
the sharply quickened and greatly ex- 
panded domain of today’s science. Un- 
fortunately, there arc signs that as this 
domain grows further, as it becomes 
more highly organized, more pro- 
grammed, and more directed toward na- 
tional and other ends, and as its impact 
on our culture and society becomes 
more widespread, some of this tradi- 
tional freedom will be lost. An obvious 
example of this trend relates to freedom 
of exchange of information, so essen- 
tial to the progress of science. In World 
-War II it was found necessary to im- 
pose a cloak of secrecy and classifica- 
tion on research in the developing field 
of nuclear physics — research which led 
to the release and utilization of nuclear 
energy. All agreed that this secrecy was 
necessary in wartime, and it was im- 
posed under the Manhattan District 
Project. In the early days of the ac- 
tivities of the Atomic Energy Commis- 
sion these restrictions were still domi- 
nant, and it was only with the passage 
in 1954 of the “Atoms for Peace” modi- 
fication of the original Atomic Energy 
Act that some of them were removed 
or considerably relaxed. 

This is one aspect of the So-called 
dilemma that many see ahead as the 
role of science becomes more impor- 
tant in modern civilization. Another, 
perhaps more important but more sub- 
tle, aspect can bert be illustrated by an 
example from the field of chemistry. 
One of the great discoveries by Ray- 
leigh and Ramsey at the end of the 
last century was that of the existence 
of the family of rare gases, the descrip- 
tion of their properties, and the charac- 
terization of their chemical behavior. 
As these gases were studied further by 
many investigators, it became a tenet 
of chemical thinking that they were un- 
reactive and would not combine with 
the other elements and compounds. So 
strong was this belief that, as theoretical 
knowledge of chemical reaction and 






chemical binding developed through this 
century, an essential element of each 
new theory of chemical bonding was 
that it should account for the supposed 
fact that these gases would not com- 
bine chemically with anything else. The 
first crack in this inviolate image came 
from the work of Bartlett, who dem- 
onstrated the combination of the rare 
gas xenon to form one of the com- 
ponents in a coordination compound of 
complex structure surrounding a central 
platinum atom. As often happens in 
science, the initial breakthrough was 
followed closely by others. Soon after 
Bartlett’s discovery became known, fur- 
ther research and experimentation 
quickly destroyed this image that had 
dominated thinking in chemistry for 
some two-thirds of a century. The 
experiments leading to this final event 
need not be described in detail, but the 
circumstances under which they were 
undertaken arc relevant. While I can- 
not claim to know these circumstances 
at first hand, the account as it reached 
me, and as it is given here, is from a 
source I believe to be authoritative. 

Under the system in aec national 
laboratories which provides for research 
participation by scientists from outside 
the laboratory stall, a young physicist 
from a small college came to carry on 
research for a time at the Argonne Na- 
tional Laboratory. In discussing his pro- 
posed program with those responsible 
for general supervision of the Labora- 
tory, he said he would like to attempt 
to react xenon and fluorine at an ele- 
vated temperature. Since most physical 
scientists were convinced that the rare 
gases were unrcactivc, and since this 
reaction had already been tried in the 
Argonne Laboratory at ordinary tem- 
peratures, it is reasonable to assume 
that in the discussion that ensued doubts 
were raised about the wisdom of de- 
voting the investigator’s time and the 
resources of the Laboratory to the at- 
tempt. If such doubts were raised, at 
least they did not prevail, and it was 
agreed that the young physicist should 
go ahead with the attempt. The result 
was a spectacular, unanticipated dis- 
covery in the field of chemistry. 

When a mixture of xenon and fluo- 
rine was heated in a nickel container 
to 40p°C and then cooled rapidly to 
room temperature, a deposit of white, 
colorless crystals of the compound xe- 
non tetrafluoride was found, and the 
long-standing belief that rare gases arc 
inert was shown to be a myth. These 
events came to their culmination in the 



summer of 1962. On learning of this 
discovery, many investigators at the Ar- 
gonne Laboratory and elsewhere went 
quickly to work and made other com- 
pounds of xenon and fluorine, as well 
as of certain of the other rare gases* 
As of the end of 1963, there is already 
an extensive literature relating to such 
compounds. In passing, and somewhat 
out of context, I might note that 
Science , in its “Reports” section [138, 
136 (1962)] carried the first general 
news of this important discovery 
through a communication from the Ar- 
gonne group dated 2 October 1962* 
Incidentally, the interval of 10 days 
from 2 October to 12. October, the 
date of the issue in which the report 
appeared (which carried a striking pic- 
ture of the crystals of xenon tetra- 
fluoride on the cover), probably con- 
stitutes an all-time record in the rapid 
communication of new scientific infor- 
mation through the printed word. 

More in the context of the present 
discussion of the environment in which 
today’s scientists work was a very time- 
ly and thoughtful editorial in the same 
issue (p. 75) by the editor of Science , 
Philip Abclson, entitled “The need for 
skepticism.” The last paragraph of this 
is well worth quoting. 

There is a sobering lesson here, as well 
as an exciting prospect. For perhaps 15 
years, at least a million scientists all over 
the world have been blind to a potential 
opportunity to make this important dis- 
covery. All that was required to over- 
throw a respectable and entrenched dogma 
was a few hours of effort and a germ 
of skepticism. Our intuition tells us that 
this is just one of countless opportunities 
in all areas of inquiry. The imaginative 
and original mind need not be overawed 
by the imposing body of present knowl- 
edge or by the complex and costly para- 
phernalia which today surround much of 
scientific activity. The great shortage in 
science now is not opportunity, man- 
power, money, or laboratory space. What 
is really needed is more of that healthy 

skepticism which generates the key idea 

the liberating concept. 

Of serious concern under present 
conditions of highly organized and pro- 
grammed scientific endeavor is whether 
the freedom, initiative, and originality 
of the individual will still be able to 
emerge to play their important roles, so 
evident in the history of science in 
earlier periods. It is disquieting to spec- 
ulate on what the ultimate outcome 
would have been, in the case cited, if 
it had been decided not to make the 
experiment. How long would it have 
been before the proper conjunction of 
circumstances occurred again — the in- 



dividual with faith in his idea and 
skepticism of established dogma; a lab- 
oratory with chemists experienced in 
handling potentially dangerous fluorine 
reactions; and last but not least, a 
supervisory group willing to # authorize 
the trial? Here the conjunction of events 
was propitious, and the outcome was a 
brilliant success. Unfortunately, or per- 
haps fortunately for scientific morale, 
as science progresses the number of in- 
stances in which the circumstances arc 
not propitious is unknown. We can only 
hope it is small. 

Specialization. A subject of much 
current interest is the rapidly increasing 
degree of specialization in science, 
which has paralleled science's growth 
and expansion in the past 35 years. 
Consideration of this is important, be- 
cause of its implications for sound sci- 
entific education and also because of 
the common reaction of the lay public 
to highly specialized activity of any 
sort. Specialization in the most general 
sense is not new. However, when we 
consider the complexity of our own 
social structure — the profusion of im- 
plements, machines, instruments, and 
devices — and its specialisms of all kinds, 
we tend to think the latter arc charac- 
teristic of, and even in a measure 
unique in, our society and time. A 
moment’s reflection will indicate that 
such is not the case. The thoughtful 
citizen of the great ancient metropolis 
of Rome, with a population of nearly 
2 million persons in the 2nd century 
a.d., must have been confronted with 
something of the same situation. The 
highly organized civilization of the Ro- 
man Empire must have required a high 
degree of specialization on the part of 
its citizens to provide its food supply, 
build its aqueducts and public works, 
and maintain its roads and the govern- 
ment of its far-flung provinces and col- 
onics— not to mention the high state 
of development of literature and the 
fine arts. It seems clear that elaborate 
specialization, comparable in scope to 
our own, has been a characteristic of 
all great civilizations, especially those 
which were highly urbanized. 

Nevertheless, it is desirable to con- 
sider briefly the nature of specialization 
itself, particularly that in the realm of 
intellectual endeavor* Here the intense 
concentration of an individual on a 
limited area of special knowledge and 
his attainment of expertness in his field 
tend to break the broad pattern of 
uniformity of the social structure. This 
is especially true in a democracy. The 
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resulting separation of the individual 
from the stream of the common affairs 
of man tends to make the average 
citizen uneasy. Shaw put this feeling 
succinctly, in The Doctors Dilemma , 
when he said, “All professions are con- 
spiracies against the laity.” 

Much of the extensive specialization 
in the sciences has some features that 
can be most clearly delineated by the 
following comparison: “A salesman is 
one who begins by knowing a little 
about everything and who goes on 
learning less and less about more and 
more until he ends up knowing practi- 
cally nothing about everything.” On 
the other hand, “A specialist is one 
who starts off knowing a great deal 
about very little and goes on learning 
more and more about less and less 
until he ends up knowing practically 
everything about nothing.” 

For our present purpose the descrip- 
tion of the salesman can be ignored. 
That of the specialist will bear further 
scrutiny. The difficulty lies in the com- 
mon lay conception that what is small 
or restricted in scope and dimensions 
is simple, and in its limits amounts to 
“nothing.” Here is one clue, and a 
very significant one, not only to the 
common negative reaction to speciali- 
zation in general but to the general 
public’s understanding of specialization 
in science. 

Scientists, unlike the lay public, have 
the privilege of appreciating the ac- 
complishments of a truly great special- 
ist as he reveals fascinating glimpses of 
things to come, when, from time to 
time, there is a breach in the ramparts 
that bar us from comprehension of na- 
ture. These ramparts are long and for- 
midably complex, as Vannevar Bush 
implied in his description of science as 
“the endless frontier.” Rarely do they 
succumb to attack along a broad front; 
when they do, it is only through the 
work of a genius — and geniuses are 
rare in the human race. If science is to 
move forward, it will be increasingly 
important that the general public ac- 
quire a better understanding and some 
appreciation of the true nature of sci- 
entific specialization. 

As we look ahead to yet unconquered 
areas, we may confidently predict that 
soundly conceived' specialization in sci- 
ence will continue to survive and mul- 
tiply. Historically, much of the effort 
in science has related to inanimate 
. things, or to relatively simpler orga- 
nisms or functions. As our growing 



knowledge permits us to move more 
firmly to studies of human behavior 
and of its psychological, biochemical, 
physiological, genetic, and other bases, 
it is possible to envisage new coalitions 
between psychologists, neuroanatomists, 
and neurophysiologists; as they grow, 
these coalitions may develop as special- 
ties, as is the case for present-day bio- 
chemistry and biophysics. 

With this prospect confronting us, 
we shall have to consider the negative 
aspects of the further growth of spe- 
cialization and to constantly appraise 
its soundness. This will be especially 
desirable in developing sound principles 
to be followed in future education in 
the sciences. Here the danger is that 
the form may be mistaken for the sub- 
stance. To illustrate the problem and 
not invoke invidious comparison, let us 
imagine some future specialty that we 
call neurobehaviorism, for want of a 
better designation. On what will the 
validity and worth of such a field, both 
as a contributor to our knowledge and 
as a field of endeavor, depend? First, 
it will depend on how well those in the 
field are versed in fundamentals of the 
relevant derivative sciences, such as 
neuroanatomy, neurophysiology, and 
neurobiochemistry. Beyond this, and 
of great importance, it will depend on 
how well they understand, or can ac- 
quire understanding of, principles from 
the underlying basic disciplines of psy- 
chology, mathematics, physics, chem- 
istry, biology, and physiology that are 
relevant and applicable to the field in 
question. 

By this criterion, the validity and 
worth of an area of specialization 
would depend on the firmness and 
clearness of the pathways from the 
outer branch to the deep, sound roots 
of available scientific knowledge. Perry 
relates an episode that occurred at 
Harvard in the 1830’s, about Ralph 
Waldo Emerson and Henry Thoreau, 
which has point in the present context. 
The then-young naturalist, who was an 
intimate of the Emerson household, 
sat quietly in a corner one day while 
Emerson expounded to English visitors 
on education at Harvard, saying, “At 
Harvard College they teach all branch- 
es of learning.” At this point Thoreau, 
to the embarrassment of his patron, 
blurted out, “Yes, but none of the 
roots.” Without vital and continuing 
sustenance from strong roots, the 
branches of specialism will bear mea- 
ger fruit 



Science in Our 
Modern Social Structure 

Let us now turn to the fourth topic 
of this discussion of the fifth estate 
in the 1960’s — the impacts of these 
changes in science on our current cul- 
ture and the response and reaction of 
the latter to the change. I have already 
mentioned many of these changes and 
need not review them, but two addi- 
tional ones deserve attention. However, 
before considering these let us look at 
a few figures for the sake of perspec- 
tive. 

Scientists and technologists have 
been, and still are, a relatively small 
minority group in our total population. 
In 1900 they numbered perhaps 90,000, 
representing little more than 0.1 per- 
cent of a population of about 76 mil- 
lion. Federal expenditures for science 
in 1900, similar to the federal expendi- 
tures for research and development of 
today, were about $10 million, or be- 
tween 0.5 and 1 percent of the annual 
federal budget. The corresponding 
rough figures for 1963 are, 2.7 million 
scientists in a population of 190 mil- 
lion and federal R&D expenditures of 
$14 billion, which now require about 
15 percent of an annual federal budget 
of the order of $95 billion. Thus, 
scientists, though their number has in- 
creased 30-fold since 1900, still com- 
prise a relatively small part, about 1.4 
percent, of the total population. 

Effects of the drain on federal re- 
sources . It is important, first, to con- 
sider some of the consequences of this 
increasing drain on federal resources 
that is caused by the recent, almost 
exponential growth of science and 
technology. Since federal' revenues 
grow at a much slower rate than the 
economy does as the economy ad- 
vances, it is obvious that some adjust- 
ment in the growth rate of federal ex- 
penditures for science must take place. 
Indeed, this is already occurring, as is 
evident to anyone who has followed re- 
cent hearings before Congress relat- 
ing to the expenditures for science 
projected for the next annual federal 
budget. 

One aspect of this adjustment poses a 
new and serious type of problem that 
scientists have not faced previously in 
any substantial measure. With limita- 
tion necessary, on what principles is 
the assignment of priorities to projects 
in the various fields of science to be 
made? What are the relative merits, 



both in a scientific sense and from the 
standpoint of the national interest, of 
a new, large accelerator for nuclear 
physics, costing perhaps $100 million 
for its initial construction and about a 
third of that amount for its annual 
operation; of the Moholc project for 
drilling through the earth’s crust, vari- 
ously estimated to cost between $50 
million and $100 million; of the ex- 
penditure of similar sums annually for 
biomedical research on cancer or the 
diseases of the heart; and of landing 
a man on the moon by 1970, at an es- 
timated cost of over $5 billion? There 
are no clear guidelines on which to 
base such priority decisions, and their 
formulation will require a higher order 
of statesmanship among scientists and 
those in the upper echelons of govern- 
ment than has existed heretofore. 

Effects on health. The rapid growth 
of science has had a second type of 
impact on society in our greatly ex- 
panded technological and industrial 
civilization. This growth has been so 
great that it has already begun to alter 
man’s traditional natural environment. 
The emerging problems involve such 
things as air and water pollution, radi- 
ation hazards, occupational hazards, 
and contamination of milk and food 
supplies, which are now classed under 
the general head of environmental 
health problems. 

Several years ago I was asked by 
the Surgeon General to head a com- 
mittee of 24 members from widely di- 
verse scientific disciplines. The group 
was to analyze and survey the prob- 
lems in the environmental health area 
and to make a 10-year projection of 
the nation’s needs for scientific research 
relating to environmental health and of 
its needs for trained manpower to deal 
with the problems. 

These problems are varied, complex, 
and serious. They range from the pro- 
vision of adequate sewage disposal for 
large and growing metropolitan dis- 
tricts to the recently noted higher level 
of radioactive contamination of cari- 
bou meat, which is an important part 
of the diet of Eskimos in northern 
Alaska. 

The origin of the high levels of ra- 
dioactivity in caribou meat was rela- 
tively simple to trace and understand, 
though not necessarily easy to control. 
Certain lichens on which caribou feed 
were found to absorb relatively larger 
amounts than most plants of the 
radioactive trace elements which the 



soil had received from the debris of 
fallout. 

A simple illustration relating to the 
matter of sewage disposal in large 
metropolitan areas will show the com- 
plexity of many of the problems in- 
volved in environmental health. A 
number of years ago, in order to han- 
dle its sewage disposal without con- 
taminating Lake Michigan, Chicago 
built a drainage canal in which water 
from the lake ran across country to 
empty into the Mississippi. The sewage 
effluent from Chicago was fed to this 
artificial running stream. The dilution 
of the effluent by water from Lake 
Michigan reduced its concentration to 
the point where the organic sewage 
could be oxidized effectively by the 
dissolved oxygen in the canal waters, 
and well-purified water was delivered 
to the Mississippi. As the city expanded 
industrially, steam plants were built 
along the canal, and these discharged 
warm water from their condensers into 
the stream. Ultimately, the effect of 
these additions of warmer water was 
sufficient to raise the average tempera- 
ture of the canal water by some few 
degrees throughout the year. With this 
development the phenomenon techni- 
cally known as “heat pollution” be- 
came operative. Simply stated, the 
higher temperature reduced the con- 
centration of oxygen in the water, and 
therefore the capacity of the flowing 
stream to oxidize the organic matter 
present. As of several years ago this 
“heat pollution” had reached such pro- 
portions that its effect on the sewage 
disposal problem of the Chicago area 
was estimated to be equivalent to the 
effect of adding a million people to 
that metropolitan area. 

These are but a few examples of 
the many effects on the economy, on 
health, and on various aspects of our 
culture and society of the greatly in- 
creased endeavors of scientists. What 
has been the reaction to these great 
changes occurring in little more than a 
quarter of a century? Here two things 
are relevant— the status of the general 
public’s knowledge of science and its 
methods and, even more important, the 
image in the public mind of the whole 
modem scientific enterprise. A realistic 
appraisal of these two factors does not 
give much ground for thinking that 
the public has a sound comprehension 
of science. 

The nonscientist's view of science. 
For the great majority of our people, 



formal education terminates with high 
school. Sober reflection about our edu- 
cational system, after the launching of 
Sputnik, clearly revealed the woeful 
inadequacy of the science education of 
most of our people as a basis on which 
to build any real understanding of 
modern science. Since Sputnik, real 
improvement has been made in science 
teaching in many of our lower schools, 
but the effects of this in the adult 
population will not be evident for an- 
other generation. 

Given this lack of any sound com- 
prehension of science, what picture can 
be drawn of the image of science in 
the public mind? This image is difficult 
to describe, for it is compounded of 
many diverse elements. These include 
respect and gratitude for the "miracles” 
of modern medicine; admiration for 
the know-how of applied science which 
can put satellites in predetermined 
orbits; and awe, verging on fear, of 
the results of the mysterious release of 
nuclear energy. Two events in our time 
must have contributed greatly to the 
building of such an image, since the 
public, as well as most scientists, had 
no warning and little preparation for 
their advent. The first was President 
Truman’s unheralded announcement of 
the dropping of the atomic bomb— a 
spectacular but terrible demonstration 
of the power of modern science. The 
second was the sudden news, one day 
in October 1957, of a second satellite 
orbiting our planet. This was Sputnik, 
the first of a growing family which 
later included Echo I — a “star” whose 
rapid course across the night sky could 
be easily followed with the naked eye. 

What is the significance of this 
image, and of this lack of real under- 
standing by the general public, for the 
future of science and scientists? Some 
already feel that scientific endeavor 
must be controlled and circumscribed 
if it results in pollution of air and 
water, in contamination of food with 
pesticide residues, in the hazards of 
radiation and the development of nu- 
clear weapons. Still others, left ever 
farther behind in their understanding 
of rapid scientific advance, take refuge 
in a polite, but neutral, type of anti- 
intellectualism toward all scientific ac- 
tivity. The emergence of attitudes like 
this among nonscientists is the basis 
of Snow’s discussion of the Two Cul- 
tures, and of his warning that the rift 
may grow wider unless the trend is 
checked. 
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Conclusion 

Faced with these possibilities, what 
should we, as scientists, do? We are in 
some sense a privileged minority group, 
and all of us should be ready to exer- 
cise the grave responsibility which we 
all share, “to increase public under- 
standing and appreciation of the im- 
portance and promise of the methods 
of science in human progress.” These 
words arc quoted from a statement of 
the objectives of this Association. A 
second objective of our organization is 
“to improve the effectiveness of science 
in the promotion of human welfare.” 
These two should be the articles of our 
scientific creed in the years ahead. Fur- 
thermore, as scientists we should not 



lose our perspective but should recall 
the history of science and remember 
that it has survived pestilence, wars, 
and disaster and has surmounted bar- 
riers of race, religion, and language. 
Beyond this, it is even more important 
to recall, in a gray period of interna- 
tional tension, that all members of the 
human race, throughout its evolution 
and long history, have had a common 
opponent. This is inscrutable nature 
with her seemingly inexorable laws, her 
hosts of organisms and parasites, her 
hurricanes and catastrophic events of 
all kinds. For our human race the cen- 
tral problem is still that of understand- 
ing nature and attempting to control 
it. Here the thinking and tools of 
modern science have a great contribu- 



tion to make. May we use them well. 

Much of what 1 have said of warn- 
ings, of impacts and reactions, and of 
grave concern may have the ring of 
pessimism for the future as science 
moves swiftly ahead in one of the 
great adventures of the human mind. 
That this is not my intent can be made 
clear by a closing quotation from Car- 
lyle’s * great satire Sartor Resartus. In 
this he attributes to his fictitious 
author, “Professor Teufelsdrockh of 
Weissnichtwo," these words, in the 
promethean spirit of which I share: 
“Man’s unhappiness, as I construe, 
comes of his Greatness: it is because 
there is an Infinite in him, which with 
all his cunning he cannot quite bury 
under the Finite." 
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BIOPOLITICS: SCIENCE, ETHICS, 
AND PUBLIC POLICY 

By LYNTON K. CALDWELL 

I AST year a front-page column of the New York Herald Trib- 
une carried a whimsical description of a new science of bio- 
politics. J. P. Miller, already secure in his reputation for 
— J social criticism through satire in Days of Wine and 
Roses , recounted an imaginary interview between an official gov- 
ernment biopolitician and a newspaper reporter concerning the 
meaning of the "new science” of biopolitics, “the science of 
proving that what must be done for political reasons is biologi- 
cally safe for the human race.” 

The reported interview occurs sometime after 1971, when the 
collapse of the nuclear test ban treaty has been followed by a re- 
sumption of massive testing in the atmosphere and soaring levels 
of fallout. In order to relieve popular fears and prevent panics 
and anti-government demonstrations, official biopoliticians 
“prove scientifically that the previous human tolerances to radio- 
activity and all other by-products of nuclear testing, including 
strontium 90, had been estimated far too low.” The official pro- 
nouncement has “a wonderful calming effect on the people.” 
Public confidence is restored. 

But, asks the reporter, suppose that an increase in bone cancer 
is being caused by heavy concentration of strontium 90 in 
human and animal marrow? Some unofficial scientists say so. 
But the official biopolitician replies that statements which 
frighten people are certainly not in the public interest. Bone 
cancer and strontium 90 cannot be linked, he declares. “The 
people wouldn’t like it. Therefore, by definition it is biopoliti- 
cally impossible.” 

In the tradition of the moralizing fable, Miller is posing one 
of the biggest, most difficult questions of our time: are science 
and politics really compatible? The philosopher-dramatist with 
a sociological turn of mind can put the question this way. Pre- 
sumably the political scientist could too — but he rarely does. As 
"scientist” he finds it impractical to ask questions about the ex- 
tent of man’s political capacities that the present state of knowl- 
edge does not permit him to answer. Moreover the discipline of 



political science in America has^in its subconscious, assumed the 
infinite perfectibility of man. To hypothesize that political man 
cannot or will not reshape his goals and values in the light of 
scientific knowledge seems disloyal to the tradition of the disci- 
pline. But while the question cannot be usefully posed in abso- 
lute and theoretical terms, it is by implication being posed daily 
in limited and practical situations. In the language of politics “it 
is a condition that confronts us, not a theory.” 

An explosion of biological knowledge and technology is rais- 
ing questions of public policy which until recently were hypo- 
thetic, and were therefore from a practical point of view unreal. 
Whether there is, can, or should be in any sense a science of 
“biopolitics” can easily be dismissed as facetious. But the con- 
scientious man grows uneasy when he reflects upon the mount- 
ing problems which the life sciences (in particular) are posing 
for political solution. There is certain to be more biology in 
politics and this could mean, as J. P. Miller implies, more pol- 
itics in biology. 

The scientist, the politician, and the philosopher, each in his 
own way, is confronted by the question of how political reactions 
to an expanding, innovating biology will affect its application to 
the public happiness and welfare. And unfortunately for the 
policy-makers, happiness and welfare do not always follow from 
the same course of action. Yet there are urgencies in our present 
“biopolitical” state of affairs that compel a reconciliation of 
ethical values and scientific facts in public policies involving the 
biological nature of man. 

“Biopolitics,” then, though it certainly does not designate a 
science, is a useful piece of shorthand to suggest political efforts 
to reconcile biological facts and popular values — notably ethical 
values — in the formulation of public policies. It affords a selec- 
tive focus on a portion of the larger issue of the relationship of 
science to society. 

For several decades, spectacular developments in the phys- 
ical sciences have overshadowed major but less readily demon- 
strable advances in biology. Moreover the impact of applied 
biology upon society often occurs on a time scale that obscures 
its effects — at least in the early stages. Thus the present popula- 
tion explosion has been underway ever since public health ad- 
ministration and medicine began to eliminate the “natural” 
controls over human reproduction. The explosion of popula- 
tion may be as inexorable and destructive as the explosion of 
nuclear energy, but the consequences of the nuclear bomb are 
all too readily observable whereas the potential consequences 



of the population bomb are inferred through the dry and less 
convincing medium of statistics. 

Although there is widespread and profound disagreement as 
to its implications, the population explosion is now generally 
acknowledged. There is less awareness of a concurrent explosion 
Qf biological knowledge, an accelerating geometrical expansion 
of knowledge, the culmination of long years of accumulating in- 
quiry in the various bio-sciences. It is the contemporary con- 
vergence of these two explosions — of people and biology— that 
justifies, indeed necessitates, a focus on biopolitics. 

If the popular press and political behavior are taken at face 
value, people are nowhere (certainly not in America) ready to 
cope either conceptually or politically with the population ex- 
plosion. This circumstance in itself is a major element in a 
larger body of evidence suggesting the unreadiness of most peo- 
ples and their governments to deal effectively with an impending 
explosion of biological knowledge. That extraordinary advances 
in biological science and biotechnology are imminent seems 
certain. To this there has been informed and responsible testi- 
mony for some time. Detlev W. Bronk, President of the Rocke- 
feller Institute, has stated that ". . . we have learned more 
about the nature of living matter and the mechanisms of living 
organisms during recent years than in all prior human history.” 
And the rate of learning accelerates. The revision of man’s 
perception of himself and of nature that the biological sciences 
may require could be as drastic as the changes made by the phys- 
ical sciences in man’s perception of the cosmos. William K. 
Wyant, Jr. recently noted the likelihood that “the rough jolts 
of the future, in the way man thinks of himself, will come from 
studies done with the microscope.” 

The more sensational speculations growing out of biological 
congresses make news headlines and sober editorials. Comment- 
ing on the unprecedented implications of the emerging biotech- 
nology discussed at the Eleventh International Congress of 
Genetics, an editorial in the New York Times declared that 
"the moral, economic and political implications of these possi- 
bilities are staggering” and then asked rhetorically “is mankind 
ready for such power?” In the judgment of some of the most 
thoughtful students of man’s biopolitical behavior the answer is 
No. Representative of misgivings in the scientific community 
is the regretful observation of Theodosius Dobzhansky that man, 
comprehending the meaning of his biological evolution: 

. . . should be able to replace the blind force of natural selection by 
conscious direction, based on his knowledge of nature and on his values. 
It is as certain that such direction will be needed as it is questionable 



whether man is ready to provide it. He is unready because his knowledge 
of his own nature and its evolution is insufficient; because a vast ma- 
jority of people are unaware of the necessity of facing the problem; and 
because there is so wide a gap between the way people actually live 
and the values and ideals to which they pay lip service. 

Public unreadiness to use an expanding biotechnology wisely 
is not merely a speculative conclusion. Popular behavior and 
political action (or inaction) indicate prevailing attitudes toward 
biological realities. A cursory look at some of the current bio- 
political issues suggests a mixed and contradictory picture. In 
each case a confrontation of biological facts, political exigencies, 
and ethical values occurs in the course of policy-making. 

Biopolitical issues tend to fall into two general groups differ- 
ing chiefly in the directness and generality of their effects. The 
first group may be termed environmental. Issues in this category 
arise when environments are impaired as a consequence of de- 
liberate or inadvertent human action. The most dramatic of 
these concerns radio-active fallout. The attendant confusion of 
counsels and political recriminations hardly need comment. 
Whenever biological innovation is believed to threaten public 
health and happiness, and when scientific evidence can be mar- 
shaled in support of opposing views, a biopolitical row is inevita- 
ble. The fluoridation controversy, chronicled recently in the 
Saturday Review, is a case in point. Another is the danger of 
chemical poisoning through pesticides, dramatized by Rachel 
Carson’s The Silent Spring, which engendered controversies de- 
scribed by Rene Dubos as “. . . disgraceful both from the sci- 
entific and social points of view.” 

Biopolitical controversies, frequently as heated, have arisen 
over efforts to conserve scientific and esthetic values in natural 
landscapes and in plant and animal wildlife. More recently 
questions concerning the effects of noise and of crowding upon 
human populations have been pressed forward. But in none of 
these matters has public policy making been pursued with the 
vigor urged in most of the polemic and some of the scientific 
literature. Perhaps this is because a clear and unequivocally 
right course of action seldom emerges from the research findings 
and the contradictions of scientific and of popular opinion. 

For this failure to deal effectively with environmental prob- 
lems the scientific community bears some responsibility. In a 
recent critique on environmental biology Ren£ Dubos takes his 
fellow scientists to task for gross neglect of ". . . the problems 
posed by the response of the total organism to the total environ- 
ment.” He argues that the potentialities of medicine for human 
welfare will be severely restricted until medical science has been 



provided with adequate scientific knowledge of “the effects of 
the total environment on the human condition.” When scien- 
tists themselves offer no adequate explanation of the responses of 
body and mind to the impact of modern technology, has the 
politician any choice other than to trim biological facts to fit 
political circumstances? If science cannot speak authoritatively 
regarding the threats to physical and mental health posed by 
“constant and unavoidable exposure to the stimuli of urban 
and industrial civilization; by the varied aspects of environ- 
mental pollution; by the emotional trauma and often the soli- 
tude of life in congested cities; by the monotony, the boredom, 
indeed, the compulsory leisure of automated work,” how can 
the politics of these issues be guided by science? It may indeed 
be argued that science, and biology in particular, are providing 
society with a powerful array of tools and problems, but with no 
adequate conceptual basis for relating tools to problems in prac- 
tice. 

A second group of biopolitical issues are more directly and 
specifically physiological than environmental. More personal in 
immediate impact although scarcely less general in ultimate ram- 
ification are biopolitical issues relating to individual human 
behavior in the use of cigarettes, tranquilizers, narcotics, and al- 
cohol — and extending to the biochemical control of personality. 
Even more personal and at the same time of greater social im- 
plications are questions relating to human reproduction, to so- 
cial concern for the numbers and qualities of future popula- 
tions. In addition, ethics and biology become mutually involved 
in the political issue of public responsibility for public health 
and medical care. And finally the relations between biology, 
politics, and ethics are perhaps most starkly posed in the issue 
of biological warfare. In few of these areas have people demon- 
strated a readiness to be guided by verifiable knowledge in a 
search for policies equal to the problems. On many matters, 
inadequate as our knowledge may be, our failure to make full 
use of what we do know is all the more regrettable. 

Biopolitical problems — particularly the major ones — grow in- 
creasingly national, international, and even global in character. 
The continuing flow of air and water and living organisms 
around the world has always tended to spread biological phe- 
nomena into any receptive environment. Modem technology 
multiplies and accelerates these possibilities, but it also enables 
us to discover and to understand the processes of dispersion and 
interaction. Where cause-and-effect relationships in these proc- 
esses have become clear they have sometimes influenced political 
behavior as, for example, when the sciences of epidemiology 



and plant pathology led to the establishment of quarantines at 
national frontiers and were among the factors leading to inter- 
national cooperation in public health and agriculture. Continu- 
ing difficulty in controlling international traffic in narcotics and 
the recent tragic consequences of the sale of the dangerous drug 
thalidomide in international commerce underscore the lesson 
that there can be no biopolitical frontiers. 

A convincing argument can now be made that old-fashicned 
political nationalism is one of the principal obstacles to biologi- 
cal sanity. How much positive harm or deprivation may a na- 
tion lawfully inflict upon the rest of the world in pursuance of 
its alleged “sovereign rights"? Atmospheric testing of thermo- 
nuclear devices has posed the question dramatically, but a list 
of other major biopolitical issues, current and impending, could 
be extended to great length and in great variety. Obvious illus- 
trations are found in national policies pertaining to the destruc- 
tion of wildlife, allocation of water from international rivers, dis- 
posal of harmful wastes, control of plant and animal diseases, 
and increase in populations. 

The inadequacy of conventional political mechanisms to deal 
with the problems of the new age of biology is nowhere more 
apparent than in the oceans from which life may well have come 
and from which man is increasingly drawing sustenance. As 
knowledge of the influence of the oceans upon terrestrial life 
continues to grow, so too does apprehension concerning impair- 
ment of their life-sustaining qualities. Massive discharge of 
untreated biological and industrial wastes into rivers, lakes, and 
coastal waters has impaired or destroyed important resources 
of food supply and recreation; residues from oil-burning seacraft 
have been so harmful to marine life that international control 
efforts have been sought; and proposals to bury radioactive 
wastes in the sea have aroused fears and controversy. But de- 
liberate pollution is not the only problem. The Surgeon-Gen- 
eral of the United States Public Health Service reports that the 
insect-killer DDT in some mysterious manner has invaded the 
water environment of the world and is being found in surpris- 
ingly large concentrations in the fats and oils of deep sea fish. 

But the most portentous biopolitical issues relate to the evolu- 
tion of man himself. The coincident and related explosions of 
human population and of biological knowledge may conceivably 
represent the most critical stage in human evolution since the 
last great ice age. The ability and necessity to control the num- 
bers and hence (in some respects) the genetic characteristics of 
future populations could create a situation without precedent 
in human existence. And, in addition, the availability and re- 
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finement of chemopsychiatric drugs suggests both hoped-for and 
frightening possibilities for the manipulation and control of 
human behavior. Never before have the necessity and the possi- 
bility of control over man occurred at so decisive a conjunction. 

Popular (and political) “wisdom” tends to avoid facing issues 
in advance of a compelling necessity. Questions as sensitive and 
confused as those just mentioned are especially good candidates 
for relegation to some indefinite future. But if society’s ability 
to deal effectively with a problem requires policy decision before 
the matter becomes a compelling issue, then some means must 
be found to enable political action to anticipate the future. 
Practical biopolitics calls for a degree of foresight that the lexi- 
con of conventional wisdom would term “theoretical.” And 
practical democratic politicians find it difficult to persuade them- 
selves or their publics of the necessity of dealing with tomorrow’s 
uncertain problems when the self-evident issues of today press 
for attention. 

At the root of these issues one finds the familiar dichotomies: 
fact and value, science and tradition, knowledge and action. If 
society moves ever more rapidly into an age of biology, how well 
can public leadership — scientific, educational, and political — 
bridge the gulf between the realities of popular concepts and the 
realities of scientific fact? If a massive reorientation of popular 
attitudes would be necessary for society to benefit fully from the 
present state of biology, how much more orientation may be re- 
quired to develop a popular receptivity to the biology and bio- 
technology of the emerging future? There are wide gaps to be 
bridged between the biological sciences and public policies, and 
present resources are not adequate to the task. 

The building of a better bridge between science and society 
leads to consideration of four basic elements in the process. 
These are: first, prevailing perceptions of man’s relation to na- 
ture; second, the meaning of science as interpreted by formalized 
education; third, communication between scientists and policy- 
makers; and fourth, leadership toward a policy synthesis of 
scientific knowledge and ethical values. Whatever utility the 
concept “biopolitics” possesses is primarily in relation to this 
fourth element. But all four are ultimately interrelated. 

It is commonplace that man’s perception of himself in relation 
to his environment is influenced by his culture pattern. In cos- 
mopolitan and dynamic societies, these perceptions may range 
widely, as they have for example in the history of the American 
people. But in the realm of politics and social policy, some per- 
ceptions prevail over others. And, with acknowledgment of the 



inevitable exceptions, it is generally true that man’s perception 
of his environment has in the main been possessive, exploitative, 
and short-sighted. From science, society has more often sought 
technology than understanding. The eminent ecologist Paul B. 
Sears has said, “The power of applied science has been over- 
whelmingly employed to exploit space, while those aspects of sci- 
ence that could illuminate its wise and lasting use are still largely 
ignored.” 

Industrial man (which until recently meant Western man) 
has for the most part seen himself as separate from and outside 
of nature. From this inference he has frequently concluded that 
he may exploit nature with impunity and that where nature fails 
to meet his wants, science through technology will synthesize 
a substitute. As The Wall Street Journal optimistically edito- 
rialized with respect to man’s insatiable needs: “Technology, as 
always, can serve them.” There has also been in Western civiliza- 
tion a perception of man in nature and a belief that he should 
seek understanding of his true needs and welfare through sci- 
ence. But this has been a minor current in a mainstream that 
uses science as servant rather than as teacher. 

How science is used depends in large measure upon how its 
meaning is interpreted in the processes of formalized education. 
Science has been a potent influence upon education, but educa- 
tional theory and practice have also shaped the course of science. 
Today more than ever the development of science depends not 
only upon the amount but also upon the nature of the incentives 
and support accorded it in the educational structure. For exam- 
ple, progress in fields as apparently diverse as medicine, human 
relations, and city planning is currently retarded because of past 
neglect of the environmental sciences. Interpretation of the im- 
plications and the needs of science to educators and to the public 
at large therefore becomes a crucial element in the advancement 
of science as well as of society. 

The expansion, specialization, and diversification of biology 
and of all other sciences multiplies the difficulties of communica- 
tion. New sciences create a need for new syntheses to relate and 
interpret their findings. New interdisciplinary areas take shape 
to deal with the new questions emerging between diverging 
sciences. In time, many of these interdisciplinary areas develop 
into coherent disciplines — into new sciences — and the process of 
specialization and of divergent and emergent disciplines con- 
tinues. 

Throughout this process direct and meaningful communica- 
tion between the highly specialized research scientist and the 
public-policy-maker becomes ever harder to achieve. Popular- 
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izers of science have appeared in response to popular need and 
interest. But their status is as uncertain as their role is difficult. 
The best of them may find careers in journalism and may win 
recognition among scientists for informed and competent report- 
ing. But there is at present little room for them in the structure 
of formalized education even though the need for better com- 
munication between science and the rest of society is now widely 
recognized. 

The problem of how to organize this communication is yet 
to be solved. This is perhaps because communication is not 
merely exchange of information. And information is itself more 
than mere data; it is data plus meaning, intended and under- 
stood. The possession of scientific knowledge holds no promise 
of its use in discovering the true needs of men or in serving the 
public happiness or welfare. There is need for more knowledge 
but even greater need for more understanding. 

Development of valid and coherent concepts of man-in-nature 
requires an interrelating and a synthesizing of knowledge. It is 
a task of interpretative leadership. Committees of specialists 
may assist the clarification and integration of knowledge, but' 
synthesizing insights and perceptions more often originate in 
the minds of individuals who only then can become the exposi- 
tors, the interpreters, and the advocates of a new view of man 
and nature. This mediating role between science, ethics, and 
public policy may be filled in various ways by persons from var- 
ied backgrounds — from the sciences, from professional educa- 
tion, from philosophy, religion, or public affairs. 

Among the more effective intermediaries between science and 
ethics in political life have been those public servants who have 
in their own ways been “biopoliticians” in the best sense. These 
men and women have not only seen a relationship between sci- 
entific knowledge and the public welfare, but they have acted 
on this insight to influence the course of public policy. One may 
cite as examples Harvey W. Wiley’s crusade for pure food and 
drugs, Hugh H. Bennett’s lessons in soil conservation, and Ira 
Gabrielson’s labors to substitute science for folklore in the man- 
agement of wildlife. In each of these instances and in more that 
could be cited, scientific knowledge, a fundamentally ethical 
perception, and skill in communication were fused in effective 
policy leadership. 

Granted that some aspects of biopolitics rest upon solid sci- 
entific support, the fact remains that we have not yet laid down 
a comprehensive biological foundation upon which a “science of 
mankind” can safely be erected. The scientific basis of biopolicy 
is fragmentary and will most likely remain so until the need for 
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a comprehensive, verifiable, conceptual foundation for a health- 
ful, creative, self-renewing society is more widely felt than it is 
today. 

Better popular understanding of the biological factors in 
society should follow from a more accurate popular comprehen- 
sion of science in the broadest sense. George Gaylord Simpson 
has pointed out the integrating role of biology among the sci- 
ences: life is the phenomenon to which all principles of science 
apply. In certain specialized areas of biology, notably in relation 
to agriculture and medicine, there has been a continuous flow 
of knowledge from the laboratory to practical application. The 
histories of the agricultural extension service and of the public 
health movement in the United States afford cases in point. But 
the dual explosions of population and biology create a much 
broader need for the desirable kind of biopolitics that has been 
so effective in particular cases. To achieve this objective may 
require new machinery in government. More certainly, it will 
entail changes in the structure and content of formal education 
and the addition of new elements to the career development of 
teachers and public officials who in the long run are among the 
principal architects of public policy. 

It is neither possible nor necessary to examine here the ways 
in which the machinery of government might more effectively 
promote and utilize scientific knowledge. Relations between sci- 
ence and government have been analyzed at length and are un- 
der study by several Congressional committees. There is agree- 
ment in principle that government must be adapted to the new 
conditions wrought by science, but less agreement on what 
changes should be made. The United States Public Health 
Service’s proposed Center for Environmental Health illustrates 
how the growth of knowledge calls forth new agencies to extend 
and apply that knowledge. 

The changes in education that are needed to bridge the gap 
between biology and politics are more clearly evident. Through- 
out the modern world communication and understanding suffer 
greatly from gaps in the structure of education — gaps that ap- 
pear with specialization and with divergence among the sciences 
and between them and the humanities. But even C. P. Snow’s 
pessimistic analysis of “the two cultures”— the sciences and the 
humanities — does not postulate a gap that is unbridgeable. And 
it can be argued that the structuring of knowledge in Western 
society is a major factor in the cleavage that he has dramatized. 

There is perhaps no one best way to obtain a more adequate 
communication among the disciplines and a more effective in- 
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tegration of related knowledge. Among the older disciplines 
changes in concept and emphasis may be needed as, for example, 
in geography where the discredited “environmentalism” of the 
past generation is being replaced by search for a more valid 
basis for understanding man-environment relationships. We 
may also need new disciplines to interpenetrate the older ones — 
to give us syntheses — to provide the form and substance of a 
more comprehensive understanding of man and nature. The 
beginnings of answers to these needs may be discerned in some 
aspects of the behavioral sciences and in the emerging environ- 
mental sciences — some, such as ecology hitherto relatively ne- 
glected; others such as biometeorology, regional economics and 
outer-space environmental research, relatively new in concept 
and method. 

If the conditions for a better biopolitics require more realistic 
popular perceptions of man-in-nature, one way to assist this 
popular understanding is through the re-education and training 
of teachers, public officials, and opinion leaders. Updating arid 
improvement of the teaching of biology has been for some time 
a subject for attention by the American Institute of Biological 
Sciences. The development of an awareness and comprehension 
of the significance of scientific developments by persons outside 
the fields of science is a different although related problem. 
Both developments are needed in strengthening the foundation 
for an enlightened biopolitics. 

An important but relatively neglected avenue toward broader 
public understanding or science is adult education in its various 
forms. There is special need for an interpretation of science in 
its most fundamental sense to be built into career development 
programs for executive officials in government, business, labor, 
and the professions. Science (and particularly the biological sci- 
ences) has heretofore received comparatively little attention in 
these efforts, possibly because the relevance of the sciences to 
most fields of career development has not been fully appreciated. 
If mankind is rapidly confronted by unprecedented possibilities 
growing out of biological research and by increasing difficulties 
resulting from increasing populations, the need for biopolitical 
reorientation may soon gain a general recognition that it does 
not now enjoy. But this task of reorientation will not be done 
well unless the implications of biology can be reduced to terms 
and concepts meaningful for public policy. 

To bring about an up-dating of the biopolitical understand- 
ings of teachers and leaders in public affairs, a valid concep- 
tualizing, interpretative educational leadership will be needed. 
Some of the leadership may come, as it has, from government 
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itself. More will need to come from the universities, the learned 
professions, and research institutes. For it should not be in- 
ferred that biology offers ready answers to all the problems it 
defines or its applied technology creates. Closing the gaps of 
knowledge and restructuring that knowledge for attack upon 
new or persistent biopolitical problems will be, even more ob- 
viously than it has already been, a multidisciplinary task. 

Some eminent scientists have shown skill in relating science to 
social needs and ethical values. But these extraordinary indi- 
viduals have been too few and too infrequent to accomplish un- 
aided the task of bridging the gaps between bioscience and 
biopolitics, between science and society. The sheer mass and 
specialized complexity of expanding knowledge create a need 
for a systematic and continuing effort toward synthesis from 
which intelligible conceptualization and communication may 
be forthcoming. As yet the task is barely attempted and then 
in only a few places. 

Does all this then imply the need for a “science" of biopolitics 
for purposes quite the opposite of those suggested by J. P. Mil- 
ler? The answer is both yes and no. It is no if biopolitics is un- 
derstood only as a new formal academic discipline to deal com- 
prehensively with social applications of biological knowledge. 
This is not to say that such a discipline is unnecessary — or would 
be impractical— or that it could not be developed. We have 
been concerned here with the problems and the needs suggested 
by the term “biopolitics,” with general approaches to solutions 
rather than with specific remedial methods. But if a science 
termed “biopolitics” is not specifically implied, the need should 
be evident for a more effective relating of the biological to the 
social sciences and of both to public policy and ethics. 

Without the interrelation and distillation of scientific findings 
into issues amenable to political action, the gap between science 
and politics cannot be successfully bridged. Science as tech- 
nology may be readily available to the lower and more routin- 
ized levels of administration. But at the higher executive and 
legislative levels of the governmental hierarchy where the broad 
public policies are formulated, the science most relevant to the 
issues will be more conceptual than technical. The impact of 
scientific thought upon public policy will in large measure de- 
pend upon its being expressed in terms meaningful to political 
and administrative practitioners. The legislator and public ad- 
ministrator must make their own policy syntheses, but they can 
do their jobs more effectively if the data relevant to these deci- 
sions have been organized and reduced to understandable terms. 
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The case for aid to the administrator in his task of synthesis has 
been stated with exceptional clarity by Paul H. Appleby: 

Specialist after specialist pursues analysis; who pursues synthesis, or 
even pursues analysis with any sensible orientation to the larger function 
of synthesis? It is the synthesis which involves all the heavy burdens of 
practitioners, and these burdens are heaviest when the social action is 
most complex and most complexly environed. Synthesis becomes more 
and more important as one goes up the hierarchy, and more and more 
important as one moves from the relatively specialized fields of private 
administration to public administration. 

This synthesis does not necessarily require new sciences. Ecol- 
ogy, for example, has long been an established if insufficiently 
utilized “organizing” science. Its further development and in- 
volvement with the social sciences could provide much of the 
needed synthesis. It also seems probable that new emphases will 
emerge in established disciplines, that interdisciplinary studies 
will increase, and that new formalized disciplines may emerge. 
New arrangements to facilitate interdisciplinary studies involv- 
ing synthesis of the social and biological sciences and relevant 
professional fields — notably architecture, engineering, public 
health, and natural resources administration— are already under 
consideration in a number of universities. From these develop- 
ments might come major contributions to the formulation of 
public policy in the years ahead. 

Biopolitics therefore suggests a need that may be met in 
many different ways. It would be difficult to argue that existing 
educational resources are adequate. But because few educa- 
tional needs can be shown to be fully served, the question will 
be asked: How important is this underdeveloped area of bio- 
politics in relation to other unfulfilled educational demands? 
Restating biopolitics in broader terms as study of the role of 
science in society, its priority is of the highest. We have been 
paying heavy and steadily rising prices in dollars, health, and 
happiness for its relative neglect, and have entered, inadequately 
prepared, upon a decisive test of our capacity to avoid becoming 
the victims of our own ingenuity. 

The “condition that confronts us” calls for more than the 
mere tolerance of imaginative innovation in reshaping and ac- 
celerating the education of society. Tangible and timely en- 
couragement is needed for pathbreaking efforts, for the ever 
risky tasks of synthesis, for the continuing development of crea- 
tive individuals capable of conceptualizing and interpreting the 
issues that arise at the meeting point of science, ethics and poli- 
tics. The study of biopolitics— whatever it may be called — re- 
quires an extraordinary fusion of understanding, audacity, and 
humility. 
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Megaloscience 

Because of massive organization and large budgets, 
scientists are heavily involved with governments. 

J. B. Adams 



mainspring of our type of civilization. 
This concern must ultimately lead to 
decisions being taken by governments, 
and if we are to take an effective part 
in the decision-making we must first 
clear our own minds. 

Even if our thinking does no more 
than dispel that public image of scien- 
tific research so well summed up by 
Academician Artsimovich, “Scientific 
research is a method of satisfying pri- 
vate curiosity at the public expense,” 
it will not have been in vain. 



Limiting Scientific Research Budgets 



What results come out are by and 
large incomprehensible io almost 
everybody, including even scientists in 
other fields of research. 

To the astute civil servant a far 
more ominous characteristic is the 
growth rate of scientific activity. Ever 
since the 17th century, we are told, 
the number of scientists has doubled 
every 15 years and the cost of scien- 
tific research has doubled every 5 years. 
We should not, of course, accept these 
statements without some investigation, 
particularly on such points as the def- 
inition of scientist used in the statistics, 
but during my own professional life- 
time these doubling times seem to be 
about right. Extrapolation of these 
growth rates gives the fascinating and 
unlikely result that all the national 
incomes of our countries will be spent 
on scientific research in the year 2000 
and everybody will be scientists a few 
decades later. Clearly, between now 
and the year 2000 something must 
occur to limit the growth of scientific 
research, and our problem is to deter- 
mine what the limit should be and 
how it can be reached without un- 
stable oscillations. 

Such figures as exist show that in 
countries such as the United States and 



I have chosen the title “Megalosci- 
ence” for this discussion of scientific 
research and its interaction with gov- 
ernments and universities in order to 
convey the impression of very large- 
scale scientific research with just a 
hint of underlying mania. 

Scientists who have grown up with 
this activity and who are still involved 
in it cannot pretend to be* unbiased, 
but we can try as objectively as pos- 
sible to analyze the problems which 
our activities have raised and to find 
reasonable solutions to them. We must 
address our minds to these problems 
now, if only because governments have 
become very much concerned with 
scientific research. Partly their con- 
cern is due to the rising cost of re- 
search and partly it is due to a growing 
realization in political circles that scien- 
tific research and development are the 



To the man in the street the im- 
pressive thing about megaloscience is 
its apparently insatiable demand for 
money. Where it all goes and how it 
is used is a mystery to most people. 



The author Is director of the United Kingdom 
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general of CERN, Geneva. This article I* based 
on a speech presented at the binquet of the 
American Physical Society In New York, 5 
November 1964. 



Britain about V/i percent of the gross 
national income is being spent on civil 
research and development. About a 
tenth of this, that is, Va percent of the 
total, is spent on research and the rest 
on development. These may appear 
rather small percentages compared with 
what is spent on seemingly trivial things 
such as alcoholic drink and tobacco, 
which between them account for nearly 
10 percent, but unfortunately, if people 
want to spend 40 times as much on 
smoking and drinking as on scientific 
research, there seems to be very little 
that anybody can do to stop them. As 
we all know, a short life and a gay 
one still has its attractions, even to 
physicists. In my own country only 
about one quarter of the national in- 
come is directly spent by the govern- 
ment, and that goes on such items as 
military defense,, national insurances, 
and other public services. If we are 
to determine some limit for scientific 
research expenditure it is probably 
more profitable to consider what gov- 
ernments do with their money than 
what the people at large do with theirs. 

Now some of the larger countries 
spend as much as 10 percent of their 
incomes on military defense, and as a 
starting point it does not seem unrea- 
sonable to imagine that they could 
attain the same percentage for civil 
research and development. If the same 
fraction of this goes to scientific re- 
search as at present, namely one tenth, 
then the upper limit for scientific re- 
search would be 1 percent. Since we 
are currently spending Va percent 
and the doubling time is 5 years, it 
would only take another 10 years to 
reach this limit. But if we are to avoid 
oscillation we must approach the limit 
asymptotically by means of an S-shaped 
or logistic curve, and the exoonential 
rise must stop at the halfway mark. 
In other words, we must arrest the 
exponential growth in 5 years* time, 
when the expenditures will have 
reached V* percent of the national 
income, in order to approach the 1- 
percent level smoothly. 

This is a very simole and perhaps 
naive examole, but it yields an im- 
portant result, namely that if the 
limit is 1 percent and we want to avoid 
uncomfortable, if not disastrous, oscil- 
lations, we must take action in the 
next 5 years to stop the exponential 
growth of scientific research budgets. 
Even if the limit is 2 percent, we 
can only delay decisions another 5 
years, and if it is less than 1 percent 
we must act very soon. All this is 



the result of the very fast growth 
rate of scientific budgets and it is the 
reason why I said earlier that we must 
think about these problems now. 

The percentage figures I have been 
quoting come from published govern- 
ment statistics, but as we alt know, 
there is considerable confusion in the 
definitions of the various forms of 
scientific activity, and certainly in my 
own country I doubt whether our pres- 
ent figures are a sufficiently reliable 
basis for action. For example, what is 
called scientific research, as distinct 
from development, is very ill-defined 
and differs markedly among the sci- 
ences. Also, I know of no justification 
for the present I-to-10 ratio between 
research and development or whether 
this ratio should be perpetuated in 
the next two decades. In fact we know 
far too little about the whole matter, 
and it will take a year or so to gather 
reliable statistics, even given govern- 
ment support for national surveys. To 
decide on such a serious matter with- 
out these facts is surely unthinkable, 
at least for scientists. 

Just in case my example strikes 
terror in the hearts of the military, 

I should add that the figures I have 
been using of 1 or even 2 percent of 
the national income for scientific re- 
search could easily be reached by 
steadily allocating, year by year, a 
small fraction of the normal annual 
increase in national incomes which 

most developed countries now enjoy 

for example, the American gross na- 
tional product is increasing at 4 per- 
cent per annum. Thus we do not 
need to abandon military defense in 
order to find money for scientific re- 
search, although if peace broke out 
it would be a way of absorbing mil- 
itary research-and-development ooten- 
tial into the economy. 



The Organizational Scientist 

Let me turn from these weighty 
matters and divert your attention for 
a moment to another remarkable as- 
pect of megaloscience. I refer to grouo 
activity and multiple authorship of 
paoers in scientific journals. This is 
particularly noticeable in the leading 
megaloscience of high-energy nuclear 
physics research, where the motto 
seems to be “United we publish, divid- 
ed we languish.” It is not only that 
papers have many authors but that the 
authors of a single paper come from 
many laboratories. For example, in one 



of the September 1964 issues of Physi- 
cal Review Letters there are two papers, 
one from Brookhaven on the hy- 
peron with 31 authors, and the other 
from the European Center for Nuclear 
Research (CERN) on ir“ meson inter- 
actions with nuclei, with 25 authors 
from 6. different laboratories in 5 dif- 
ferent countries. I notice that one au- 
thor of the CERN paper, the work 
for which was done in Geneva, 
explains in a footnote that his affilia- 
tion is Berkeley, California, although 
he is actually on leave of absence from 
Milan University. 

Those of us who work in large 
laboratories know that the authors list- 
ed on a paper are by no means the 
only people involved in the work. The 
ratio of research physicists to total 
laboratory staff is about 1 to 7, so 
a piece of research with 31 authors 
involves on the average something like 
200 people in the laboratory, and the 
whole effort costs the laboratory about 
£ 1 million a year. Usually what one 
gets for this large investment of men 
and money is just another small piece 
of a vast jigsaw. Of course one tries 
to plan the research so that it is a vital 
piece, but one cannot always be suc- 
cessful, and sometimes someone else 
puts the piece down first. Very often the 
vital pieces turn out to be cheaper ones 
and the stroke of genius which first 
delineates the whole pattern is usually 
the cheapest act of all. Nevertheless, 
without enough of the jigsaw pieces it 
is beyond even a genius to see the pat- 
tern, and so we must go on prising them 
out of nature, each one costing more 
than the last. I must emohasize that 
megaloscience is not different from 
other science in this respect; it is only 
that it is further along the exponential 
growth curve, where bits of informa- 
tion apparently cost more. How long 
we can afford to go on collecting them 
while waiting for a pattern to emerge 
is another question. 

I have remarked earlier that the 
number of scientists has apparently 
been doubling every 15 years, ever 
since the beginning of modem science. 

I doubt whetfer the number of scien- 
tists of, say, the caliber of Newton, 
Einstein, Schrodinger, Rutherford, and 
Fermi is increasing at this rate, and 
if the growth of research budgets were 
dependent only on men of such high 
ability and deep insight, it is unlikely 
that the doubling period of 5 years in 
research expenditure could have been 
maintained in the last few decades. 
What seems to have happened is that 
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megaloscience has maintained the 
growth rate in recent years, first by 
becoming highly organized, and second 
by making the maximum use of what- 
ever genius naturally arises in any 
decade. 

In fact two distinct types of scien- 
tist have emerged in this process of 
scientific evolution, the Manager Sci- 
entist and the Pilgrim Scientist. Where- 
as the Manager Scientist spends a great 
deal of his time in his own laboratory, 
the Pilgrim Scientist is rarely to be 
found at home. While the Manager 
Scientist is responsible for large groups 
of people and for large laboratories 
and is familiar with the ways of 
governments and treasuries, the Pilgrim 
Scientist eschews all such contacts and 
responsibilities. Indeed, he is more in 
line with the popular image ,of a 
scientist, and he goes around fertilizing 
research in many laboratories. The 
Manager Scientist is mainly a post- 
war phenomenon, although some exist- 
ed before. His job is to create the 
conditions in which good research can 
be carried out, and his reward is seeing 
h fiourish about him. 

I have used the term Pilgrim Sci- 
entist because it suggests a parallel 
with medieval times. The medieval pil- 
grim had a definite itinerary— certain 
holy places and religious houses to 
visit on his pilgrimage — and his itiner- 
ary depended on whether he was a 
Franciscan or Dominican or belonged 
to some other order. He was also the 
bearer of news, religious and other- 
wise, as we can read in Chaucer. The 
modem pilgrim scientist also has his 
shrines and religious houses to visit, 
depending on his branch of research. 
In high-energy nuclear physics, for 
example, the equivalents of the old 
religious houses are Berkeley, Brook- 
haven, CERN, and Dubna. It is as rare 
nowadays to find a scientist attaining 
pilgrim status in more than one re- 
search field as it was to find a medieval 
pilgrim . belonging to more than one 
order. And just as it was customary 
for the medieval pilgrim to be fed, 
housed, and looked after by the mon- 
asteries, so the modem research labo- 
ratory must set aside funds to pay 
foreign pilgrim scientists and to send 
its own on tour. 

Perhaps in medieval times there was 
a problem with pilgrims settling down 
in particularly attractive monasteries. 
Nowadays any pilgrii* scientist who 
is captured more or iess permanently 
in a foreign laboratory is said to be 
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part of a national Brain Drain. Luckily, 
drains were far less common in medi- 
eval times, so no doubt the medieval 
pilgrims were mercifully saved from 
that simile. 

Of course scientists have always trav- 
eled around. For example, right at 
the beginning of modem science there 
was the v case of Tycho de Brahe, the 
Danish astronomer. He traveled quite 
extensively in Europe and at one time 
planned to settle in Basle, where he 
found the scientific community most 
congenial. This did not please the 
authorities back at home and finally 
Frederick II, King of Denmark, sent 
him a letter — it is dated 23 May 1576, 
a few years after New York Bay was 
discovered by Verrazano — which reads 
as follows: 

We, Frederick the Second, make known 
to all men, that we of our special favour 
and grace have conferred and granted in 
fee . . . to our beloved Tycho de Brahe, 
Otto’s son . . . our land of Hveen, with all 
our tenants and servants who thereon live, 
with all rent and duty which comes from 
that ... to use, hold, quit and free all 
the d&ys of his life as long as he lives 
and likes to follow his studia mathemat- 
ices. 

The land of Hveen was an island of 
2000 acres on which Tycho de Brahe 
built a castle and an observatory at 
Denmark’s expense, and, what with the 
sinecures and grants, he became one 
of the richest men in Denmark. 

You will observe that this letter con- 
tains all the ingredients to stop a 
Brain Drain: promise of money and 
staff and, above all, the personal touch 
in the letter of appointment — “our be- 
loved Tycho de Brahe, Otto’s son.” 
You will not find that nowadays, not 
even in offers from American firms. 



To Choose and How To Choose 

Let me return again to money mat- 
ters. The notion that there must be 
a limit to expenditure on scientific 
research naturally raises the problem 
of choosing among the different fields. 
We who are committed to the megalo- 
sciences must necessarily consider this 
problem very seriously indeed. Dr. 
Johnson once observed, “Depend on 
it, Sir, when a man knows he is to 
be hanged in a fortnight, it concen- 
trates his mind wonderfully,” and, in- 
deed, a recent exchange of letters in 
Physics Today on this subject shows 
a power of concentration. All sorts of 
criteria for making choices have been 



put forward, such as scientific merit, 
technological merit, and social merit, 
as well as the degree of fundamen- 
tal^ of the research. National pres- 
tige is also clearly playing an im- 
portant role in this matter, and so 
is international competition. We may 
yet find ourselves involved in the 
Pythagorean Games, as our athletic 
friends are now engaged in the 
Olympic Games. After all, the cost of 
the Tokyo Olympic Games is about 
the same as the cost of a 300-Gev 
accelerator laboratory for nuclear 
physics, and we already have our Gold 
Medals. 

But before we get too involved in 
this matter, I think it is essential to 
be clear as to the motivations of sci- 
entific research. To my mind there are 
two basic motivations; one is the de- 
sire to do something and the other the 
desire to know something. The first is 
the motivation of applied research 
and development, and the second is 
the motivation of basic research. Be- 
cause the motivations are different, the 
criteria for choice in these two types 
of scientific activity are different and 
should not be confused. To illustrate 
my point I can take an example from 
my own subject of plasma physics 
and fusion research. The motivation of 
the work of the Culham Labora- 
tory is to see whether or not a con- 
trolled thermonuclear reactor can be 
built. In pursuing this aim we will of 
course learn a great deal about the 
plasma state of matter — in fact we 
must, if we are to make progress — but 
this is not the motivation of the work 
and it is not the reason why the 
British Government is spending £4 
million a year on the Culham Labora- 
tory. Such, scientific activities as 
these must be judged on the basis of 
how successful they are in reaching 
their goals, and choices among them 
must be made on the basis of the 
values of the different goals to the 
sponsors at different times. It is quite 
conceivable that a laboratory such as 
Culham could have been motivated 
by a desire to know about the plasma 
state of matter. In this case it would 
fall into the basic research category 
and would be judged on a quite dif- 
ferent basis from and in competition 
with the pursuit of other knowledge, 
such as that sought through research 
in high-energy nuclear physics or mo- 
lecular biology. 

Because the motivations of applied 
research and development are different 
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from those of basic research, the 
two activities are not directly com- 
parable, and lumping them both to- 
gether in a single research-and-dcvcl- 
opment budget has caused a great deal 
of confusion, particularly at the gov- 
ernment level. In practice it is prob- 
ably easier for a country to decide 
what it wants to do tha~ what it 
wants to know. What I shall now 
discuss is the second of these two 
dilemmas, namely, how to choose 
between the basic scientific researches. 

My starting point is simply that ba- 
sic research, as I have defined it, is 
part of scientific education. It is the 
pursuit of new knowledge about na- 
ture, and the other two parts of edu- 
cation arc the preservation of this 
knowledge and the handing of it on 
to future generations. My thesis is 
that the three parts must be held 
closely together at all times because, 
once the unity of education is de- 
stroyed, I fear that the whole system 
will slowly but surely deteriorate. For 
hundreds of years this unity has been 
preserved by our universities, but the 
advent of mcgaloscicncc and the cre- 
ation of large basic research labora- 
tories remote from the universities 
can easily disrupt it. It was to counter- 
act this danger that the founders of 
CERN insisted that the research 
physicists using that laboratory must 
not be given permanent contracts, 
since these would encourage them to 
settle down at CERN and cut them 
ofT from their universities and from 
teaching. To this day very few re- 
search physicists have permanent con- 
tracts at CERN — just enough to guar- 
antee the scientific management of the 
laboratory. 

This concept of the unity of edu- 
cation can also give us a rough way 
of judging the extent to which the 
various basic researches should be sup- 
ported by a country at any time. 
Suppose, for example, we first deter- 
mine the number of university sci- 
entists actively engaged in the different 
fields of basic research and then cal- 
culate the amount of money needed 
per year to maintain a research sci- 
entist in each field at maximum effi- 
ciency. Obviously the cost per research 
scientist per annum is not the same in 
all research fields — it depends on the 
scale at which operations have to be 
conducted. At the mcgaloscicnce 
stage, for example in high-energy nu- 
clear physics, it costs about £30,000 
a year to maintain a research physi- 



cist efficiently, and it is rather a waste 
of money to maintain him otherwise. 
This figure is obtained by taking the 
total annual budget of a laboratory, 
such as CERN, and dividing it by the 
number of research physicists working 
in that laboratory. Other basic re- 
search fields not needing such large 
equipment cost less per scientist. The 
basic research budget is then com- 
posed by multiplying the cost per sci- 
entist by the number of active uni- 
versity scientists in each field, which 
gives the individual budgets for each 
research field, and then adding the lot 
together to give the total budget. At 
least this system of determining basic 
research budgets js constructive and 
avoids subjective judgments about the 
relative merit of the various research 
fields. Surely in trying to determine 
what a country should know it is safer 
to base the support on what its active 
research scientists find most challeng- 
ing and worthwhile and to which they 
arc prepared to devote their lives. 

Sooner or later, of course, the 
total basic research budget calculated 
in this way will exceed the limit which 
I discussed earlier, and this is likely to 
happen first in the most developed 
countries. We must therefore consider 
what will happen in countries which 
have not yet reached this limit and 
which arc making available less money 
for basic research than is calculated by 
the method I have just described. 

The first reaction of an active re- 
search scientist who cannot obtain the 
necessary research facilities in his 
own country is to seek them else- 
where. Thus the first result of a fi- 
nancial limitation of basic research is 
the emigration of research scientists — 
a phenomenon with which we arc only 
too familiar in Europe. A study of 
the pattern of scientific emigration can 
give clues as to what is wrong with 
the support for the basic researches. 
For example, if the emigration is con- 
fined to scientists in one field of re- 
search, it probably means an unbal- 
ance in the distribution of funds. If it 
covers all fields, then the total funds 
arc probably inadequate in compari- 
son with those provided by other 
countries. In my experience scientists 
do not emigrate for trivial reasons, 
and it takes several years of neglect 
to drive them that far. Thus the emi- 
gration figures arc at best a very de- 
layed manifestation of an unbalance. 

The serious consequence of scien- 
tific emigration is not that a country 



cannot obtain the results of basic re- 
search, for they arc all published and 
available to anybody. It is that fewer 
active scientists are available in the 
country to teach and inspire the next 
generation of scientists and the whole 
system of scientific education begins 
to run down. Hence my insistence on 
the importance of the unity of edu- 
cation. Also, since the best scientists can 
most easily find jobs abroad, the dam- 
age to the education system is far 
greater than the numbers emigrating 
indicate. 

Clearly this emigration only con- 
tinues so long as one country is fur- 
ther along the exponential curve of 
scientific expenditure than the others, 
and ever since the war the attractive 
country in this respect has been the 
United States. However, it is reason- 
able to suppose that that country will 
reach the limit of expenditure on sci- 
entific research first and so give the 
other countries the opportunity to 
catch up. In other words, scientific 
emigration need be only transitory if 
countries recognize its causes and try 
to reach the com mop limit as soon 
as possible. Nevertheless, in the 
mcgaloscicnccs the’ absolute size of a 
country, and therefore the size of its 
investment in basic research, becomes 
important. For example, in high-en- 
ergy physics the sheer size and cost of 
modern multi-Gcv particle accelerators 
make it impossible for a small coun- 
try to build them alone, however ad- 
vanced that country may be in its 
support for science on a percentage 
basis. The solution in these eases is 
for a number of countries to combine 
together in a joint project, as was 
done in the ease of CERN for high- 
energy physics. The advantage of 
CERN, quite apart from its contribu- 
tions to physics, is that European high- 
energy nuclear physicists no longer 
have to emigrate to America in order 
to continue their research and hence 
they tend to remain in Europe as a 
vital part of its scientific education. 
Ultimately, as the cost of individual 
pieces of equipment in the mcgalo- 
scicnccs mounts, even the largest coun- 
tries or groups of countries will be 
driven to unite if the research is to 
continue, and this is already being dis- 
cussed for the 1000-Gcv stage in 
high-energy physics. 

It might be thought, and I have 
seen it proposed, that the smaller 
countries should use their limited re- 
sources for applied research and dc- 
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vclopmcnt and give up basic research, 
particularly at the mcgaloscicncc level. 

I think this notion is as dangerous as 
it is tempting to such countries. The 
active and original minds in science in 
these countries will not be satisfied 
with technology and applied research 
and will simply emigrate, thus reduc- 
ing the standards of scientific educa- 
tion to a level where even the quality 
of applied scientists and development 
engineers may become inadequate for 
their tasks. 

I have also heard the allocation of 
funds for basic research described as 
“dividing up the national cake.” As I 
have tried to show, the method of de- 
termining research budgets should be 
additive, not divisive Research budg- 
ets should be built up from the in- 
gredients of research, which arc the 
active scientists, and their proportions 
should be determined from what such 
people find most challenging and 
worthwhile in research. Also, basic 
research is not cake — it is bread and 
the stafT of life of our type of civiliza- 
tion. We must get away from the idea 
that basic research is only a cultural 
activity or that its value to the com- 
munity is some kind of ‘’fallout” in 
technology and industrial processes. 
Of course our modern technology is a 
direct result of past basic research. 
The electronics industry is a result 
of J. J. Thompson's discovery of the 
electron, and the nuclear energy in- 
dustry is a result of Rutherford's dis- 
covery of the nucleus. The cost of all 
the basic research that has ever been 
done is barely equal to the current 
year's increase in the gross national 
product of the larger countries, and 
without all that research it is doubt- 
ful whether they would now be enjoy- 
ing any increases in prosperity. Never- 
theless it is difficult to use such argu- 
ments for planning research expen- 
diture in the future, however com- 
pletely they justify research in the 
past. The true place of basic research 



is as a part of scientific education, and 
no industrial country these days can 
afford scientific illiteracy, whether it 
be in its universities, its industries, its 
government, or its people. We must 
therefore seek our guidance from this 
latter connection and merely accept 
the former as the natural consequence 
of enlightenment. 



In Conclusion 

Let me now try to draw together 
the threads of my discussion into some 
simple statements. I believe, for the 
reasons I have given, that we must be 
within a few years of the end of the 
exponential growth in scientific re- 
search which started in the time of 
Kepler, Galileo, and Newton and has 
been going on steadily during the last 
400 years. Up till now this growth 
has been free and similar to the in- 
crease in populations which arc not 
severely limited by food supplies or 
disease. I believe that we as scientists 
have an important part to play in the 
next most difficult phase in the growth 
of our subject, which is to bring the 
exponential phjtsc smoothly toward a 
limit without oscillation or discord. 
We must use our skills as scientists on 
the growth of science itself. 

I have mainly discussed basic sci- 
entific research as a vital part of the 
whole of scientific education. Even in 
the applied researches with definite 
goals which arc supported by our 
countries because of these goals, we 
must continually examine our pur- 
poses. In nuclear fusion research, for 
example, we must be sure that nuclear 
fusion reactors remain worthwhile to 
the community and that we arc 
making progress toward their real- 
ization. At the moment I think 
they arc worthwhile and that we arc 
making considerable progress, but if 
the time ever comes when their value 
is minimal and our progress question- 



able, I hope we will have the courage 
to speak out first and not wait until 
other people outside science find out 
and take appropriate action. As you 
know, the reason why populations do 
not continue to grow exponentially is 
that they either become diseased or 
exhaust their food supplies. 

Mcgaloscicncc as the last phase in 
the long history of the growth of 
modern science has certainly brought 
a great number of problems for our 
generation, but it is only fair that I 
should end by briefly mentioning some 
of its less obvious blessings. Like tech- 
nological fallout, they arc perhaps in- 
cidental and were certainly not fore- 
seen, but they have thmr importance. 

Simply because it has grown so big, 
mcgaloscicncc has caused countries to 
act together in joint enterprises which, 
owing to their nonpolitical nature, 
have enabled methods of international 
behavior to be worked out far more 
quickly than has been possible in 
more controversial fields. CERN is a 
very good example of what interna- 
tional cooperation in scientific re- 
search can offer to small countries 
like the European states. The massive 
organization and large budgets of the 
mcgaloscicnccs have brought scien- 
tists into headlong involvement with 
governments and treasuries, and al- 
though this interaction has not always 
been blissful, I think everybody has 
benefited from it. Also, the Manager 
Scientists and the Pilgrim Scientists 
have certainly opened up new channels 
of communication between the nations 
which even in nonscicntific matters 
have remained remarkably direct and 
effective. 

Perhaps future generations, looking 
back at our struggles with the growth 
rates of science and the limits, may 
well rate these incidental achievements 
as highly as our research results, and 
in terms of human welfare they may 
even find them to have been of 
greater significance. 
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I suppose it is fair to say that sci- 
entists as a class have deeper concern 
about the present state of the world 
than most groups. This concern is 
natural and understandable. It un- 
doubtedly had its origin in World War 
II in such dramatic developments as 
the atomic bomb and biological war- 
fare, which disclosed new and awe- 
some possibilities of man’s destroying 
himself through the findings of scien- 
tific research. Since that time the pic- 
ture has broadened and changed con- 
siderably. With the cessation of active 
warfare the contribution of scientists 
to the development and use of military 
weapons and devices has lost much 
of its compulsive quality and has re- 
turned to a more normal state. 

However, the change of greatest im- 
port to scientists developed as an out- 
growth of the cold war. It is the gen- 
eral realization that the entire future 
of a country, not just its military 
might but its economic strength and 
welfare, depend markedly upon its 
progress in science and technology. 
This has brought scientists into promi- 
nence as the potential saviors of their 
countries, a most embarrassing posi- 
tion for any group but especially for 
ours. In the past we have tried to 
avoid publicity; it is a disturbance 
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to calm and concentrated thinking. 
Rightly or wrongly, approbation of the 
public has been of relatively little im- 
portance to us; it is the recognition 
and respect of our colleagues that 
counts. In normal times our allegiance 
is strongly to our science; to attempt 
to direct our efforts toward causes of 
national importance is ordinarily con- 
fusing and disturbing. We have a fun- 
damental conviction that the country’s 
cause is best served when we arc given 
carte blanche to work as we sec fit, 
since we know very well that the 
greatest progress in science is made 
when that is the case. But this is an 
oversimplification. Wc^must admit that 
the demands of technology have been 
present from the very beginning. Archi- 
medes produced his engines of war, 
Galileo studied the operation of well, 
pumps. Newton gave serious attention 
to navigation, Jcnncr had his cow pox 
problem and Pasteur his beer project 
and the prevention of infection. And, 
as a matter of fact, such pressures 
have been responsible for much im- 
portant progress in science itself. For 
some time now the feedback from 
technological innovations, themselves 
stimulated by basic research, has made 
countless techniques and instruments 
available for fundamental research. 

Thus, in an important sense the con- 
flict between science and technology 
is not in itself a real conflict of in- 
terest. The conflict occurs principally 



because of the competition between the 
two for money and manpower. The 
public, unable to distinguish clearly be- 
tween them, gets into the act by in- 
sisting upon prudent, economical, and 
understandable use of its (public) 
funds — that is, tangible and useful re- 
sults. Unfortunately for many aca- 
demic scientists, life has a way of 
presenting insistent practical problems 
whose solutions require their attention. 

Within science itself, however, one 
finds an increased sense of responsi- 
bility for our future. This is not due 
solely to the strengthening of the pop- 
ular image of the scientist; it is height- 
ened within science itself — in many 
areas which give high promise of prog- 
ress. notably in biochemistry and ge- 
netics; in nuclear physics, with its po- 
tential for power from nuclear fusion; 
in exploitation of the oceans for food 
and minerals; in attempts at weather 
modification, and in the exploration of 
outer space. This promise is augmented 
by the extension of knowledge to such 
incalculably remote domains as the 
atomic nucleus and galaxies nearly at 
the boundary of the known universe, 
not to mention the almost unbelievably 
complicated structure and behavior of 
the living cell. 

This sense of responsibility is 
spurred by the reputation scientists 
have acquired with the general public, 
which has served both as a stimulant 
and a sobering influence. On the one 
hand every country has come to be- 
lieve that its salvation lies in tech- 
nology — usually misnamed science. 
The technical industries have looked 
to their research departments and 
their research analysts for the most 
dependable forecasting of profitable 
lines for future development. The man 
on the street seems to view all this 
with mingled feelings. On the whole 
he is grateful for progress in health 
measures, communication, housing, 
transportation, and the many technical 
conveniences which both simplify and 
complicate his existence, despite oc- 
casional feelings of resentment over 
the increasing novelty and complexity 
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that surround him. When it comes to 
major events, such as possible devas- 
tating nuclear war, fallout, or the 
costly but intriguing conquest of 
space, the element of anxiety is added. 
“Why isn't there some way," he asks, 
“to keep our technological advances 
within safe and prudent channels? Why 
must these * troublesome questions 
arise? Can't scientists be persuaded to 
work only constructively? If they can't 
do that, why don't we limit their ac- 
tivities by providing money only for 
selected desirable and noncontroversial 
enterprises?" Indeed, some would go 
so far as to advocate a moratorium 
on research in the natural sciences, on 
the one hand to avoid such disagree- 
able issues as those posed by nuclear 
and biological warfare and, on the 
other, so they say, to allow the social 
sciences to catch up and solve these 
vexing problems before the natural sci- 
ences make them too tough. 



Science Policy 

In the meantime, how has modem 
society been dealing with all this? What 
degree of attention are nations giving 
to this subject? To what extent do 
their governments participate in the 
conduct or support of scientific re- 
search and development? What sort of 
policies are emerging? These are ques- 
tions which the Organization for Eco- 
nomic Cooperation and Development 
(the OECD) has canvassed among its 
member countries, a task for whieh we 
owe it a debt of gratitude (7). 

In the OECD observations regard- 
ing general aspects of science policy, 
the following points were apparent. In 
the first place, education is a critical 
factor, since it must provide the hu- 
man resources for technological prog- 
ress and because it creates a favorable 
psychological climate. Next there must 
be up-to-date provision for the num- 
bers and skills required in the labor 
force. An important consideration is 
the training of potential research work- 
ers, and especially of future managers. 
It appears to be generally agreed 
that scientists and engineers of high 
capability are desirable in manage- 
ment positions, in both industry and 
government. Finally comes the train- 
ing of the research scientists and en- 
gineers themselves. This necessitates 
high quality in the graduate and post- 
graduate facilities at universities and 
institutes of technology. 

Immediate potential for meeting 
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these criteria of course exists in a num- 
ber o f countries. In others, further 
development is required, and in gen- 
eral this becomes a responsibility of 
the respective governments. 

All countries face the problem of 
securing a satisfactory output of trained 
scientists and engineers. In most coun- 
tries this problem is caused by a very 
rapid rise in research and development 
expenditures over the past decade; this 
rise greatly exceeds the increase in the 
gross national product (2). Generally 
speaking, the ratio of R&D to the per 
capita GNP is high (1 to 2 percent) in 
the large industrial countries; in these, 
industry performs two-thirds or more 
of the R&D. In countries where there 
is strong emphasis upon agriculture, 
forestry, mining, and fishery — such as 
Australia, Finland, Canada, and Nor- 
way — the ratio of R&D to the per 
capita GNP is lower and. industry per- 
forms only about one-third of the R&D. 

In almost all countries the government 
finances most of the R&D (2). 

In practically all countries funda- 
mental research is primarily conducted 
at universities and nonprofit institutions 
and is increasingly receiving support 
from government. In the United States, 
the United Kingdom, and France the 
government finances applied research 
and development largely through con- 
tracts with industry. Such financing oc- 
curs to a much lesser extent in Canada, 
the Netherlands, and Japan. In Canada, 

I understand, nearly half the total R&D 
is performed in government laboratories. 

Whereas earlier, in most countries, 
provision for R&D funds was chiefly 
the responsibility of the Ministry of 
Finance or the equivalent office, the 
more advanced countries are giving in- 
creasing attention to the formation of 
top advisory councils to their govern- 
ments, which work in cooperation with 
the finance office. Likewise, in the more 
advanced countries the influence of the 
national academies of science has 
grown, in providing advice to govern- 
ment and in setting • the na- 
tional and international tone for scien- 
tific achievement. 

Such is the situation facing us and 
other nations at this stage of develop- 
ment, and such are some of the ways 
in which we and they have moved to 
meet our problems. 

Because of the mounting commit- 
ments ’to science and technology, much 
talk and some concentrated thought 
and study have been directed toward 
improving the effectiveness of our ef- 
fort* through planning, management. 



and education. There have also been 
attempts to evaluate the impact of the 
national effort upon our economy and 
our national achievements. These are 
important questions, and it is earnestly 
to be hoped that the current efforts 
will stimulate concerted and continuous 
study among economists, social and 
natural scientists, educators, and ad- 
ministrators. The issues are complex 
and are not likely to be solved by 
ad hoc committees or conferences 
alone. 

Insofar as this activity sharpens the 
focus of our attention upon the identifi- 
cation and definition of worthy objec- 
tives, their relative priorities, and the 
feasibility of proposed means of achiev- 
ing them, it must be regarded as very 
worth while. However, two important 
caveats should be heeded: 

1) The planning for the identification 
and pursuit of technological objectives, 
no matter how feasible or worthy, 
should not be permitted to monopolize 
the national effort at the expense of 
science, and of basic research in partic- 
ular. Such a policy leads in the long 
run to diminishing returns and ultimate 
stagnation. 

2) Any attempt to forecast detailed 
montv and manpower requirements 
for free research in the component 
scientific disciplines is, in my opinion, 
a questionable undertaking, no matter 
how experienced and distinguished the 
reviewing body. Applied research will 
always receive this kind of attention. 
But such attempts for free research 
introduce a concerted extrapolational 
bias into the system and sound an 
authoritarian note. Besides, what 
stronger motivation can there be for 
creative, original research than the in- 
dividual scientist’s own evaluation and 
decision as to the most promising 
course for him to pursue? As history 
abundantly proves, the capital dis- 
coveries in science generally lie in the 
unknown and cannot be predicted, or 
planned for — and these may occur in 
any branch of science. 

Effects of Changed Environment 
on Science 

I shall not pursue further this topic 
of the impact of science . and tech- 
nology on society. Rather, my purpose 
is to invite your attention to the effects 
of this radical and sweeping transfor- 
mation of activity upon the progress 
of science itself, stressing science in its 
traditional sense of the “search for 
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truth.” In the dynamical center of this 
interpretation lies basic research — the 
systematic and specialized search for 
knowledge and understanding. But of 
course science is more than this; it is 
the organized and classified body of 
knowledge which results from the 
search. Research is merely its frontier. 

With the recent universal recognition 
that science end technology arc es- 
sential to the progress of civilization, 
and with the attendant glamor which 
attaches to research, the environment 
for science has altered. For most of 
its history the devotees of science have 
been attracted to its study not pri- 
marily for the purpose of securing 
information that might be useful in 
some practical way but. like Kipling’s 
elephant’s child, out of “satiable cur- 
tiosity,” in the search for new knowl- 
edge no matter where or what it might 
be. With this motivation dominant, the 
search for knowledge in science has 
proceeded without boundary or limit. 
Scientific exploration mushroomed out 
in all directions, encompassing a range 
which would have been impossible un- 
der concerted planning. Of course 
many extremely important advances 
occurred by reason of some practical 
need or incentive, but by and large 
the scope and range of scientific in- 
vestigation was not dictated by such 
considerations. 

During the present century the tech- 
nical industries, whose existence de- 
pends upon successful practical de- 
velopment and production, have in- 
creasingly come to conduct research 
themselves. Many of them have even 
recognized the advantages of pursuing 
basic research in areas where such 
work will lead to better understanding 
of their iechnological problems. This 
trend was accelerated during and after 
the war by such sensational results of 
research and development as atomic 
energy, radar, and the transistor. Now- 
adays no progressive technical industry 
or government bureau would attempt a 
large developmental enterprise without 
careful survey of the underlying re- 
search and, where necessary, inclusion 
of such research as part of the de- 
velopmental process. 



Mission-Related Basic Research 

However, a larger proportion of sup- 
port is provided for applied research 
than for basic research; in the U.S. 
the ratio is about 2 to 1. There is a 
corresponding majority of scientists 



employed by industry and government 
as compared to academic and other 
nonprofit institutions. For engineers the 
ratio is of course much higher than 
it is for scientists. 

But this is not all. There has been 
a steady increase in the support of 
basic research which may be termed 
’’mission-related" — that is, which is 
aimed at helping to solve some prac- 
tical problem. Such research is dis- 
tinguished from applied research in 
that the investigator is not asked or 
expected to look for a finding of prac- 
tical importance; he still is exploring 
the unknown by any route he may 
choose. But it differs from “free” basic 
research in that the supporting agency 
docs have the motive of utility, in the 
hope that the results will further the 
agency’s practical mission. A consider- 
able body of basic research is receiving 
support because it is so oriented. Thus, 
basic research activity may be sub- 
divided into "free” research undertaken 
solely for its scientific promise, and 
’’mission-related” basic research sup- 
ported primarily because its results arc 
expected to have immediate and fore- 
seen practical usefulness. Much of the 
emphasis upon basic research in the 
areas of cancer and solid-state physics 
illustrates ’’mission-related” character- 
istics. Since the support of “mission- 
related” research is easier to justify, 
when budgets become tight it tends to 
survive at the expense of “free” re- 
search. This tendency, when coupled 
with the present preponderance of 
“mission-related” research support, 
could prove a serious detriment to the 
progress of science, by curtailing 
free research and by concentrating 
too much effort on trying to solve 
practical problems that currently ap- 
pear insoluble. As Oppenheimer has 
pointed out regarding progress in re- 
search (5), “in the end you will be 
guided not by what it would be prac- 
tically helpful to learn, but by what it 
is possible to learn.” 

Some idea of the relative magnitudes 
of national funds provided for 
“mission-related” and for “free” re- 
search, respectively, may be obtained 
as follows. Let us assume that all funds 
available in the following categories 
arc provided for “mission-related” 
basic research; basic research by in- 
dustry, by government laboratories, and 
by academic institutions from grants or 
contracts received from government 
agencies having practical missions. The 
latter chiefly include the Department 
of Defense, the Atomic Energy Com- 



mission, the Aeronautics and Space Ad- 
ministration, and the departments of 
Health, Education, and Welfare, Agri- 
culture, Commerce, and Interior — 
agencies authorized and encouraged to 
conduct and support basic research re- 
lated to their missions. On these as- 
sumptions, about 80 percent of the 
total national funds for basic research 
arc provided for the “mission-related” 
variety, and only 20 percent for “free” 
basic research. These figures arc far 
from precise, of course; the assump- 
tions arc oversimplified, and many 
agencies arc liberal in their interpreta- 
tion of what basic research may be use- 
ful to them. But the approximate mag- 
nitudes of the figures arc significant, 
and illustrate my point. 

Two observations concerning this arc 
in order. First, if industry were to 
confine the research activities of its 
laboratories strictly to applied research 
and if the government were to place 
similar restrictions on agencies with 
practical missions, leaving the support 
of basic research entirely to a single 
federal agcnc^ i priyatc foundations, 
and to universities, it is reasonably cer- 
tain that the support of basic research 
would drop to a mere fraction of its 
present figure. Second, while this might 
be attractive in budget circle'. such a 
course would be disastrous not only 
to science but also to technology. 

In raising the question as to the 
extent to which basic research is sup- 
ported for essentially practical reasons, 

I wish to be entirely clear on one 
point. It is not my purpose to ques- 
tion the importance and desirability of 
applied research or of basic research 
which is intended to provide better in- 
sights into developmental applications. 
Both arc highly desirable and neces- 
sary. and science should play a direct 
part in their encouragement. They ap- 
pear to be logical steps in the march 
of civilization in that they represent 
progress in providing for necessities 
such as food, housing, health, com- 
munication, transportation, and the na- 
tional defense. They also contribute at- 
tractive innovations in our way of life 
— comforts, pleasures, opportunities 
for using leisure, and freedom from 
routine and drudgery. Of longcr-rangc 
significance arc their effects upon con- 
trol of our environment; upon exten- 
sion. in magnitude and in kind, of 
our sources of commercial power; and 
upon the discovery and exploitation 
of natural resources. Above all. whether 
we like these developments or not, of 
one thing we may be certain: the for- 
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ward march of technology is inevitable. 
This is an important lesson of history, 
from the discovery of fire and the in- 
vention of the wheel and the lever on- 
ward. It is a lesson which has with- 
stood the ravages of heat and cold, 
famine and pestilence, and many ideo- 
logical conflicts. The convincing proof 
of this doctrine is contained in science 
itself — the science of evolution — as the 
powerful contribution of technology 
toward survival, and indeed toward in- 
creasing domination over environment. 
During the present century, we arc wit- 
nessing perhaps the greatest triumph 
of this doctrine in the conversion of 
all mankind to acceptance of the thesis 
that science and technology arc es- 
sential to survival. This appears to be a 
thesis to which one must subscribe if 
one believes in the progress of civiliza- 
tion as we know it. 

Historical Philosophical Role 

But is this the whole story? From 
time immemorial man has evolved re- 
ligions and philosophies representing 
his conviction that there is more to 
life than merely its physical aspects. 
Through imagination, study, and in- 
spiration he has put forward philoso- 
phies, modes of conduct, and ways of 
life that concern the motivations and 
the aims of the individual and of so- 
ciety. From quite early times science 
has been thoroughly involved in much 
of this thinking, as evidenced by the 
earlier designation of natural science 
as “natural philosophy.” From the rec- 
ord it is clear that, even after this 
term had fallen into disuse, science 
continued to have profound influence 
on philosophical thinking. It still docs; 
witness the number of distinguished 
scientists of the present century who 
have written authoritative works on the 
subject — men such as Whitehead, 
Eddington, Jeans, Bridgman, and 
Dubos. 

To what extent docs this motivation 
for science still exist? How important 
is it? Arc we observing, or failing to 
note, the gradual development of a 
monopoly by research oriented toward 
practical ends? There will of course al- 
ways be individuals who firmly believe 
in the independence of research activity 
and who strongly wish to carry it on 
in the traditional academic manner. 
Will this group diminish in numbers 
or become frustrated? At the same 
time there appears to be a rapidly 
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growing body of scientists employed in 
industry and government whose moti- 
vations arc mixed, who believe in the 
support of basic research of the free 
variety but feel that “mission-related” 
basic research should have a higher 
priority, and still others who believe 
that research should be justified en- 
tirely on the basis of its specific utility. 

Any uncertainty as to the importance 
of this question should be dispelled by 
looking into the history of science and 
noting; (i) the impressive discoveries 
made solely in the interest of pure sci- 
ence, and (ii) the statistical evidence 
that most of the body of science ulti- 
mately achieves practical utility. 

Thus, even if we admit the require- 
ment of utility as the prime justification 
for basic research, we still must allow 
free research to be included. It must 
be concluded that, in the long run, 
practical accomplishment will be great- 
est if in the support of basic research 
there is no limitation of the research 
to areas of foreseen practical im- 
portance. 

I am rek’etant to leave this topic 
without mentioning the thesis to which 
many, including myself, subscribe, to 
the effect that completely free research 
is highly important in its own right, 
not solely because of the probability 
that it will progress more rapidly and 
ultimately produce practical and tangi- 
ble benefits, but because of its stimulat- 
ing effect on the imagination and its 
philosophical implications concerning 
the universe and man's place in it. 
Who can say that ultimately this may 
not be the most important considera- 
tion of all? 



Source of Strength 

I wish now to consider a different 
hut related feature of my topic: What 
is the secret of »\c power and in- 
fluence of science in the most funda- 
mental sense? Is its source of strength 
at all in jeopardy? If so, arc there 
any steps we ought to take to safe- 
guard its future? 

This body of knowledge — science in 
the modern sdnsc — has steadily de- 
veloped over the past 400-odd years 
into a most imposing edifice. Once sci- 
ence had discovered the art of experi- 
mentation it found a way to test hy- 
potheses and speculation regarding the 
nature and behavior of the physical 
world and thus established a powerful 
base for drawing objective conclusions. 



This, together with the development, 
along with mathematics and logic, of 
techniques of classification and analy- 
sis, united the findings of science into 
a structure of extraordinary strength 
and stability. Furthermore, this tech- 
nique has had a highly democratic 
flavor: anyone can challenge the al- 
leged facts and theories of science. If 
he can prove his point within the 
scientific community by observations, 
experiments, or reasoning that others 
can repeat and verify, then his con- 
tribution becomes an integral part of 
the body of science. Science has thus 
acquired a respect and confidence on 
the part of literate mankind that is 
unique. In consequence, the findings of 
science have a logical validity which 
is unmatched in other fields of human 
thought. At the same time, in a most 
interesting manner science remains 
flexible, since important new findings 
may necessitate revision of existing 
points of view. Generally speaking, and 
contrary to popular view, these re- 
visions commonly take the form of re- 
finements or increased generality and 
only occasionally bring about a revolu- 
tionary overthrow of existing prin- 
ciples. The impressive result is that the 
edifice of science has a strength and 
stability which is dynamic and resilient 
rather than static and brittle. 

How do we account for these char- 
acteristics? They appear to be due to 
the maintenance of a broad base of in- 
quiry; to the exercise of a lively 
imagination; to the utmost objectivity 
in search and logic; to a sense of pro- 
portion and urgency in the selection 
of scientific objectives. One must also 
recognize the necessity of built-in 
mechanisms for coordination, cross 
fertilization, and collaboration, and 
finally — most important of all — of a 
creative dedication. These arc high 
ideals, not commonly encountered or 
possible to the same degree in most 
other areas of human affairs and re- 
quiring a high degree of motivation 
and integrity. 

These principles and this code of be- 
havior arc thoroughly learned by every 
researcher, beginning with -his years of 
graduate study. It has been a source 
of the greatest strength to the body of 
science that, on the whole, these prin- 
ciples have been scrupulously ob- 
served. There has been no means of 
enforcement other than public opinion 
within the scientific community. Just 
as the standing of an individual in his 
field of research rests primarily with 
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his colleagues, so too docs his reputa- 
tion in his behavior as a scientist. The 
real strength of this philosophy lies in 
the fact that these principles arc es- 
sential for sound progress in science. 

Thus, much of the power and 
stability of science has rested upon the 
sense of dedication and integrity of 
the community of scientists. Not only 
has this been thoroughly incorporated 
in their indoctrination but it has been 
further developed and fostered as a 
code of honor among scientists: to be 
scrupulously objective in their research, 
in their reporting, and in giving credit 
where credit is due. It would seem 
that the chief reason for the almost 
universal observance of this code has 
been that the scientist desires the re- 
spect and confidence of his colleagues, 
rather than recognition before any 
other audience. Anyone departing from 
these rules of behavior is ostracized by 
his kind. 



Encroachment of Other Loyalties 

In most careers, however, loyalties 
and motivations arc more complicated. 
They involve such considerations as al- 
legiance to, and recognition by, ones 
employer and his organization, one’s 
community, church, political party, and 
friends, and the public generally. An 
interesting question is the extent to 
which these other loyalties arc increas- 
ing in importance among scientists and 
encroaching upon loyalties to the sci- 
entific community. If so, will this warp 
or weaken the edifice of science or 
retard its progress? 

Profit institutions such as industrial 
laboratories arc. of course, clear ex- 
amples of organizations that require 
strong loyalties in carrying out pur- 
poses related to the well-being of the 
organization. The same may be said 
of government establishments. Because 
of the increasing proportion, in the 
scientific community, of scientists em- 
ployed by industry and government, 
these considerations arc inevitably com- 
ing to receive more and more 
emphasis. 

Likewise, with increasing dependence 
of colleges and universities upon the 
federal government, federal support of 
scientific research at these institutions 
becomes more and more strongly re- 
lated to their health and strength. 
Again, this may be manifested in tan- 
gible or intangible pressures on the part 
of academic institutions for their sci- 



entists to engage in sponsored activi- 
ties which arc deemed essential to the 
growth and welfare of the institution 
and which may bring with them the 
necessary financing. 

Also, in the “project" type of sup- 
port. members of the scientific com- 
munity are becoming directly and in- 
creasingly motivated toward engaging 
in research which is regarded as im- 
portant by a sponsoring agency of the 
government rather than by their em- 
ployer. Since most federal support j s 
directed toward practical goals which 
will serve the needs of the country, 
there arc incentives for an individual 
to engage in research which will receive 
this support and therefore may come 
under the heading of “mission-related” 
rather than “free” research. 

Let me say again that research moti- 
vated toward practical ends is a neces- 
sary and desirable thing; the potential 
danger here is the extent to which this 
objective dominates the scope and pur- 
pose of basic research, it was suc- 
cinctly formulated by Vannevar Bush 
when he remarked that applied re- 
search drives out basic, and I am now 
using the statement to include also the 
possible encroachment of “mission- 
related” basic research upon the “free” 
variety. 

By the way. what will happen if the 
ceiling on R&D funds is held more 
and more tightly? If w c believe in sub- 
stantial support for free research, with 
its admittedly vague and uncertain po- 
tentialities. now arc we going to pro- 
tect it? Will it have to depend upon 
income from capital funds— if so. from 
what sources? Or will its advocates try 
to oversell it by extravagant claims? 

The influences that govern scientists 
in their choice of research and their 
choice of employment arc more com- 
plex than ever before. Today's ivory 
tower is more apt to be built of re- 
inforced concrete or stainless steel. 
These influences arc many, some ma- 
jor and some detailed. For example, in 
addition to the competition between ap- 
plied and basic research, there arc con- 
siderations such as needy areas, attrac- 
tive sources of funds, national or 
humanitarian causes, “big” versus 
“little” science, and deference to the 
plans of one’s department or institu- 
tion. A different kind of influence on 
research is represented by the follow- 
ing: too much assistance to thesis-writ- 
ing graduate students, with an eye to- 
ward grant or contract renewal; hasty 
writing and issuance of research re- 



ports, scanty in detail and acknowl- 
edgment; a tendency to keep a weather 
eye on funds for extra salary or other 
perquisites. Further complications * arc 
provided by administrative require- 
ments which seem essential to manage- 
ment in large organizations as a means 
of accounting for public funds, but 
which distract and hamper the 
researcher. 

But I do not wish to sound too 
pessimistic. As a matter of fact, I have 
had rather extensive contact over the 
past years with scientists in senior 
academic administrative posts and can 
assure you that, by and large, they 
understand these problems and try to 
hold them within manageable limits. 
The real danger lies in the fact that 
in such an extensive enterprise there 
arc bound to be abuses. If these arc 
not dealt with forthrightly they may 
spontaneously proliferate until there is 
clamor for formal corrective regula- 
tion. 

If one were to classify the sources 
of influence, the first and obvious cate- 
gory would be money — money for 
projects, buildings, research equipment, 
salaries, and many minor perquisites. 
A second category would be the em- 
ploying institution, in its desire for in- 
come. growth, and prestige. One would 
also have to list the increasing effect 
of personal advancement or gain as- 
sociated with the positions of high re- 
sponsibility. salary, and prestige which 
arc now available to scientists. 

Even science itself is providing 
dilemmas for an individual scientist. 
Should he join an interdisciplinary 
team in which his specialty is needed, 
join a large research center such as 
a high-energy particle accelerator in- 
stallation. take part in an extensive 
planned program, such as oceanogra- 
phy or the study of pollution? Or 
should he remain aloof as an individual 
investigator? And what about his re- 
sponsibility toward teaching? 

Conclusion 

Of course the consequence of all 
this may be the broadening out of a 
scientific career into one more closely 
integrated with society in general. This 
is natural enough, and surely after 
careful consideration most would agree 
that this result is desirable. My ques- 
tion today directly concerns the neces- 
sity for maintaining the strength and 
integrity of science in the face of 

47 



Sfi 



varied opportunities, responsibilities, 
and distractions: How should this 

strength and integrity be safeguarded? 

If the involvement of scientists in social 
afTairs brings with it questionable or 
dangerous consequences to society, then 
society will take steps to formulate 
regulations for their prevention, with 
possible grave effect upon science. 
Similarly, in science itself, if the course 
of science and the behavior of scien- 
tists appear to scientists themselves to 
be damaging to its strength and prog- 
ress, then a normal reaction on their 
part would be the formulation of rules 
and regulations to prevent such abuses. 

However, in order to maintain and 
protect the independence and creative 
quality of basic research in science, 
one should, I believe, conclude that 
such modes of regulation should only 
be attempted as a last resort, and even 
then as sparingly as possible. It should 
be clear that the most effective means 
of maintaining the objectives and initia- 
tive that have always characterized sci- 
ence is still the cultivation and reten- 
tion of a strong sense of competition, 
cooperation, and integrity on the part 
of all scientists. All we need do is to 
continue and strengthen our time- 
honored traditions. But this is not go- 
ing to be easy. We shall have to dis- 
tinguish clearly between our conduct in 
our science and our behavior in the 
presence of issues that go beyond sci- 
ence alone. Judgment and objectivity 
arc still required on such issues; the 
main differences arc that these dcci- 
sions, in contrast to science, require 
the weighing of opinions and pres- 
sures, as well as facts, and the attempt 
to make value judgments between items 
that arc not comparable. Moreover, in 
the world of science, compromise has 
no place; in the world of affairs it 
must often be reckoned with, and oc- 
casionally sought. 

I cannot close without mentioning a 
great opportunity before us which may 
and should become a most effective 
avenue for the healthy growth and in- 
fluence of science. I refer to-Jhc prog- 
ress made in international science pro- 



grams. 'As is well known, science has 
always transcended national boundar- 
ies, and scientists of all nations have 
communicated and collaborated in all 
its disciplines. There arc two categories 
of research for which international col- 
laboration is especially well suited. The 
one includes matters of urgent public 
concern, and is typified by the World 
Health Organization and the World 
Meteorological Organization. Of the 
nature of, applied research and de- 
velopment, these matters arc. appropri- 
ately, planned and sponsored by formal 
agreement among governments under 
UNESCO. Such problems as popula- 
tion control, insurance against war, 
famine, drought and pestilence, and the 
development of natural resources be- 
long in this category. In all these, sci- 
ence can provide a unique input, the 
effectiveness of which will depend di- 
rectly upon the recognition of this fact 
by governments and people every- 
where. and upon intelligent and wide- 
spread support by them. 

The other category is research con- 
cerned with fields of basic research, 
such as -geophysics and astronomy, 
which require concerted global obser- 
vation and collection of data. Fre- 
quently this is an interesting combina- 
tion of “mission-related” and “free” re- 
search. The International Council of 
Scientific Unions is performing meri- 
torious service in providing a focus 
for these endeavors. The outstanding 
example, of course, is the International 
Geophysical Year (IGY) and its off- 
spring — the Indian Ocean Expedition, 
the International Year of the Quiet 
Sun, the Earth Mantle Project, and the 
International Biological Year. Unique 
among these is the Antarctic Research 
Program, where the IGY program is 
continued under a 12-nation treaty, ex- 
pressly and solely for purposes of 
scientific research. 

It is in such areas that scientists arc 
eminently qualified to plan and to 
operate, and it is in the highest in- 
terests of both science and government 
that they do so. Plans thus formu- 
lated may be submitted to their rcspcc- 



48 



57 



tivc governments for support and any 
formal arrangements needed. 

But, beyond this, we stand at the 
threshold of scientific findings that will 
pave the way for developments of a 
different order of magnitude and 
novelty than the world has ever 
known. A few arc already in sight — 
notably the exploration of space; others 
arc as yet beyond the horizon. Some 
will present severe social problems; 
some may be dangerous; some will be 
extremely expensive. All will present 
questions for society that go far beyond 
the natural sciences alone; they will 
strongly involve the social sciences and 
the humanities. They will provide in- 
spiration for the arts. To solve these 
problems will require many of the skills 
of our civilization, the utmost in states- 
manship, and a general understanding 
and appreciation on the part of all. 

The significance of these developing 
enterprises in science and technology, 
their hazards, and their excessive cost 
in money and manpower point to the 
overwhelming desirability of interna- 
tional cooperation. Herein lies our 
great opportunity as scientists — to take 
the lead in collaboration with our col- 
leagues in other lands and to support 
our governments in furthering such 
collaboration. 

It would be a tragedy indeed if these 
undertakings were to become the sub- 
ject of national or sectional ambition 
under conditions of unfriendly competi- 
tion. On the other hand, if we can 
help achieve an atmosphere of col- 
laboration, in friendly competition, we 
may look forward to continued healthy 
progress in our ideals and in our ac- 
complishments for the future of 
mankind. 
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CRITERIA FOR SCIENTIFIC CHOICE 



By Alvin M. 

As science grows, its demands on our society’s re- 
sources grow. It seems inevitable that science’s 
demands will eventually be limited by what so- 
ciety can allocate to it. We shall then have to 
make choices. These choices are of two kinds. We 
shall have to choose among different, often in- 
commensurable, fields of science— between, for 
example, high-energy physics and oceanography or 
between molecular biology and science of metals. 

We shall also have to choose among the different 
institutions that receive support for science from 
the government— among universities, governmen- 
tal laboratories, and industry. The first choice I 
call scientific choice; the second, institutional 
choice. My purpose is to suggest criteria for 
making scientific choices— to formulate a scale of 
values which might help establish priorities among 
scientific fields whose only common characteristic 
is that they all derive support from the govern- 
ment. 

Choices of this sort are made at every level, 
both in science and in government. The individual 
scientist must decide what science to do, what 
not to do: the totality of such judgments makes 
up his scientific taste. The research director must 
choose which projects to push, which to kill. The 
government administrator must decide not only 
’ which efforts to support; he must also decide 
whether to do a piece of work in a university, 
a national laboratory, or an industrial laboratory. 
The sum of such separate decisions determines 
our policy as a whole. I shall be concerned mainly 
with the broadest scientific choices: how should 
government decide between very large fields of 
science, particularly between different branches of 
basic science? The equally important question of 
how government should allocate its support for 
basic research among industry, governmental lab- 
oratories, and universities will not be discussed 
here. 

Most of us like to be loved; we hate to make 
choices, since a real choice alienates the party 
that loses. If one is rich— more accurately, if one 
; is growing richer— choices can be avoided. Every 
administrator knows that his job is obviously un- 
pleasant only when his budget has been cut. Thus 
the urgency for making scientific or institutional 
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choices has in the main been ignored both in the 
United States and elsewhere because the science 
budget has been expanding so rapidly: the United 
States government spent $1.6 billion in 1950 on 
research and development, $9 billion in 1960, and 
?14 billion (including space) in 1962. 

Though almost all agree that choices will even- 
tually have to be made, some well-informed ob- 
servers insist that the time for making the choices 
is far in the future. Their arguments against 
making explicit choices have several main threads. 
Perhaps most central is the argument that since 
we do not make explicit choices about anything 
else, there is no reason why we should make them 
in science. Since we do not explicitly choose be- 
tween support for farm prices and support for 
schools, or between highways and foreign aid, why 
should we single out science as the guinea pig 
for trying to make choices? The total public ac- 
tivity of our society has always resulted from 
countervailing pressures, exerted by various groups 
representing professional specialties, or local in- 
terests, or concern for the public interest. The 
combination that emerges as our federal budget 
is not arrived at by the systematic application of 
a set of criteria; even the highest level of au- 
thority, in the United States, the President, who 
must weigh conflicting interests in the scale of 
the public interest, is limited in the degree to 
which he can impose an over-all judgment by 
the sheer size of the budget if by nothing else. 
But because we have always arrived at an alloca- 
tion by the free play of countervailing pressures 
th is does not mean that such free interplay is 
the best or the only way to make choices. In any 
case, even if our choices remain largely implicit 
rather than explicit, they will be more reasonable 
if persons at every level, representing every pres- 
sure group, try to understand the larger issues and 
try to mitigate sectional self-interest with concern 
for broader issues. The idea of conflicting and 
biased claims being adjudicated at one fell swoop 
by an all-knowing supreme tribunal is a myth. It 
is much better that the choices be decentralized 
and that they reflect the concern for the larger 
interest. For this reason alone philosophic debate 
on the problems of scientific choice should lead 
to a more rational allocation of our resources. 

A second thread in the argument of those who 
refuse to face the problem of scientific choice is 
that we waste so much on trivialities—on smoking, 
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on advertising, on gambling— that it is silly to 
worry about expenditures of the same scale on 
what is obviously a more useful social objective, 
the increase of scientific knowledge. A variant of 
this argument is that with so much unused steel 
capacity or so many unemployed, we cannot right- 
ly argue that we cannot afford a big cyclotron or 
a large manned space venture. 

Against these arguments we would present the 
following considerations on behalf of a rational 
scientific policy. At any given instant, only a cer- 
tain fraction of our society's resources goes to 
science. To insist or imply that the summum 
bonum of our society is the pursuit of science and 
that therefore all other activities of the society are 
secondary to science— that unused Capacity in the 
steel mills should go to “Big Science" rather than 
a large-scale housing program— is a view that 
might appeal strongly to the scientific community. 

It is hardly likely to appeal so strongly to the 
much larger part of society that elects the mem- 
bers of the legislature, and to whom, in all. prob- 
ability, good houses are more important than good 
science. Thus, as a practical matter we cannot 
really evade the problem of scientific choice. If 
those actively engaged in science do not make 
choices, they will be made anyhow by the Con- 
gressional Appropriations Committees and by the 
Bureau of the Budget, or corresponding bodies 
in other governments. Moreover, and perhaps 
more immediately, even if we are not limited by 
money, we shall be limited by the availability of 
truly competent men. There is some evidence that 
our ratio of money to men in science is too high, 
and that in some parts of science we have gone 
further more quickly than the number of really 
competent men can justify. 

Choice and scientific criticism 

Our scientific and governmental communities have 
evolved institutional and other devices for coping 
with broad issues of scientific choice. The most 
important institutional device in the United States 
is the President's Science Advisory Committee, 
with its panels and its staff in the Office of Science 
and Technology. This body and its panels help 
the Bureau of the Budget to decide what is to 
be supported and what is not to be supported. 
The panel system, however, suffers from a serious 
weakness. Panels usually consist of specialized ex- 
perts who inevitably share the same enthusiasms 
and passions. To the expert in oceanography or 
in high-energy physics, nothing seems quite as 
important as oceanography or high-energy physics. 
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The panel, when recommending a program in a 
field in which all its members are interested, in- 
variably argues for better treatment of the field- 
more money, more people, more training. The 
panel system is weak insofar as judge, jury, plain- 
tiff, and defendant are usually one and the same. 

The panel is able to judge how competently a 
proposed piece of research is likely to be carried 
out; its members are all experts and are likely to 
know who are the good research workers in the 
field. But just because the panel is composed of 
experts, who hold parochial viewpoints, the panel 
is much less able to place the proposal in a broader 
perspective and to say whether the research pro- 
posal is of much interest to the rest of science. 
We can answer the question “how" within a given 
frame of reference; it is impossible to answer “why" 
within the same frame of reference. It would there- 
fore seem that the panel system could be improved 
if representatives, not only of the field being judged 
but also representatives of neighboring fields, sat 
on every panel judging the merits of a research 
proposal. A panel judging high-energy physics 
should have some people from low-energy ^physics; 
a panel judging low-energy physics should have 
some people from nuclear energy; a pafiel judging 
nuclear energy should have some people from con- 
ventional energy; and so on. I should think that 
advice from panels so constituted would be tem- 
pered by concern for larger issues; in particular, 
the support of a proposed research project would 
be viewed from the larger perspective of the rele- 
vance of that research to the rest of science. 

In addition to panels or the bodies like the 
President's Science Advisory Committee as or- 
ganizational instruments for making choices, the 
scientific community has evolved an empirical 
method for establishing scientific priorities, that 
is, for deciding what is important in science and 
what is not important. This is the scientific litera- 
ture. The process of self-criticism, which is in- 
tegral to the literature of science, is one of the 
most characteristic features of science. Nonsense is 
weeded out and held up to ridicule in the litera- 
ture, whereas what is worthwhile receives much 
sympathetic attention. This process of self-criticism 
embodied in the literature, though implicit, is 
nonetheless real and highly significant. The exist- 
ence of a healthy, viable scientific literature in itself 
helps assure society that the science it supports 
is valid and deserving of support. This is a most 
important, though little recognized, social function 
of the scientific literature. 

As an arbiter of scientific taste and validity, 
scientific literature is beset with two difficulties. 
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First, because of the information explosion, the 
literature is not read nearly as carefully as it used 
to be. Nonsense is not so generally recognized as 
such, and the standards of self-criticism, which are 
so necessary if the scientific literature is to serve 
as the arbiter of scientific taste, are inevitably 
looser than they once were. 

Second, the scientific literature in a given field 
tends to form a closed universe; workers in a field, 
when they criticize each other, tend to adopt the 
same unstated assumptions. A referee of a scientific 
paper asks whether the paper conforms to the 
rules of the scientific community to which both 
referee and author belong, not whether the rules 
themselves are valid. So to speak, the editors and 
authors of a journal in a narrowly specialized field 
are all tainted with the same poison. 

Can a true art of scientific criticism be devel- 
oped, i.e., can one properly criticize a field of 
sciefice beyond the kind of criticism that is inherent 
in the literature of the field? Mortimer Taube in 
Computers and Common Sence 2 insists that such 
scientific criticism is a useful undertaking, and 
that, by viewing a field from a somewhat detached 
point of view, it is possible to criticize a field 
meaningfully, even to the point of calling the 
whole activity fraudulent, as he does in the case 
of nonnumerical uses of computers. I happen to 
believe that Taube does not make a convincing 
case in respect to certain nonnumerical uses of com- 
puters, such as language translation. Yet I have 
sympathy for Dr. Taube's aims— that, with science 
taking so much of the public’s money, we must 
countenance, even encourage, discussion of the re- 
lative validity and worthwhileness of the science 
which society supports. 



scientists in the field really competent? Both these 
questions are answerable only by experts who know 
the field in question intimately, and who know 
the people personally. These criteria are therefore 
the ones most often applied when a panel decides 
on a research grant; in fact, the primary question 
in deciding whether to provide governmental sup- 
port for a scientist is usually: How good is he? 

I believe, however, that it is not tenable to base 
our judgments entirely on internal criteria. As I 
have said, we scientists like to believe that the 
pursuit of science as such is society's highest good, 
but this viejv cannot be taken for granted. For 
example, we now suffer a serious shortage of 
medical practitioners, probably to some extent be- 
cause many bright young men who would formerly 
have gone into medical practice now go into bio- 
logical research; government support is generally 
available for postgraduate study leading to the 
PhD but not for study leading to the medical de- 
gree. It is by no means self-evident that society 
gains from more biological research and less medi- 
cal practice. Society does not a priori owe the 
scientist, even the good scientist, support any more 
than it owes the artist or the writer or the musician 
support. Science must seek its support from society 
on grounds other than that the science is carried 
out competently and that it is ready for exploita- 
tion; scientists cannot expect society to support 
science because scientists find it an enchanting 
diversion. Thus, in seeking justification for the sup- 
port of science, we are led inevitably to consider 
external criteria for the validity of science— criteria 
external to science, or to a given field of science. 

External criteria 
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The internal criteria for choice 

I believe that criteria for scientific choice can be 
identified. In fact, several such criteria already 
exist; the main task is to make them more explicit. 
The criteria can be divided into two kinds: in- 
ternal criteria and external criteria. Internal crite- 
ria are generated within the scientific field itself 
and answer the question: How well is the science 
done? External criteria are generated outside the 
scientific field and answer the question: Why pur- 
sue this particular science? Though both are im- 
portant, I think the external criteria are the more 
important. 

Two internal criteria can be easily identified: 
(1) Is the field ready for exploitation? (2) Are the 

•(New York: Columbia University Press, 1961). 



Three external criteria can be recognized: tech- 
nological merit, scientific merit, and social merit. 
The first is fairly obvious: once we have decided, 
one way or another, that a certain technological 
end is worthwhile, we must support the scientific 
research necessary to achieve that end. Thus, if we 
have set out to learn how to make breeder reactors, 
we must first measure painstakingly the neutron 
yields of the fissile isotopes as a function of energy 
of the bombarding neutron. As in all such ques- 
tions of choice, it is not always so easy to decide 
the technological relevance of a piece of basic re- 
search. The technological usefulness of the laser 
came after, not before, the principle of optical 
amplification was discovered, and, in general, in- 
direct technological or scientific benefits ("fallout”) 
are not uncommon. But it is my belief that such 
technological bolts from the scientific blue are the 
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exception, not the rule, that solving a technological 
problem by waiting for fallout from an entirely 
different field is rather overrated. Most program- 
matic basic research can be related fairly directly 
to a technological end, at least crudely if not in 
detail. 

The broader question as to whether the tech- 
nological aim itself is worthwh ; le must be con- 
sidered again partly from within technology 
through answering such questions as: Is the tech- 
nology ripe for exploitation? Are the people any 
good? It must also be dealt with partly from out- 
side technology by answering the question: Are the 
social goals attained, if the technology succeeds, 
themselves worthwhile? Many times these questions 
are difficult to answer, and sometimes they are 
answered incorrectly; for example, the United 
States launched an effort to control thermonuclear 
energy in 1952 on a rather large scale because it 
was thought at the time that controlled fusion was 
much closer at hand than it turned out to be. 
Nevertheless, despite the fact that we make mis- 
takes, technological aims are customarily scruti- 
nized much more closely than are scientific aims; 
at least we have more practice discussing tech- 
nological merit than we do scientific merit. 

The criteria of scientific merit and social merit 
are much more difficult: scientific merit because 
we have given little thought to defining scientific 
merit in the broadest sense; social merit because 
it is difficult to define the values of our society. 
As I have already suggested, the answer to the 
question: Does this broad field of research have 
scientific merit? cannot be answered within the 
field. The idea that the scientific merit of a field 
can be judged better from the vantage point of 
the scientific fields in which it is embedded than 
from the point of view of the field itself is implicit 
in the following quotation from the late John von 
Neumann: “As a mathematical discipline travels 
far from its empirical source, or still more, if it is 
a second and third generation only indirectly in- 
spired by ideas coming from reality, it is beset with 
very grave dangers. It becomes more and more 
pure aestheticizing, more and more purely Tart 
pour Tart. This need not be bad if the field is 
surrounded by correlated subjects which still have 
closer empirical connections or if the discipline is 
under the influence of men with an exceptionally 
well-developed taste. But thare is a grave danger 
that the subject will develop along the line of least 
resistance, that the stream, so far from its source, 
will separate into a multitude of insignificant 
branches, and that the discipline will become a 
disorganized mass of details and complexities. In 
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other words, at a great distance from its empirical 
source, or after much ‘abstract* inbreeding, a math- 
ematical subject is in danger of degeneration. At 
the inception the style is usually classical; when 
it shows signs of becoming baroque, then the dan- 
ger signal is up." 1 

I believe there are any number of examples to 
show that von Neumann's observation about math- 
ematics can be extended to the empirical sciences. 
Empirical basic sciences which move too far from 
the neighboring sciences in which they are em- 
bedded tend to become “baroque." Relevance to 
neighboring fields of science is, therefore, a valid 
measure of the scientific merit of a field of basic 
science. In so far as our aim is to increase our 
grasp and understanding of the universe, we must 
recognize that some areas of basic science do more 
to round out the whole picture than do others. 
A field in which lack of knowledge is a bottleneck 
to the understanding of other fields deserves more 
support than a field which is isolated from other 
fields. This is only another way of saying that, 
ideally, science is a unified structure and that 
scientists, in adding to the structure ought always 
to strengthen its unity. Thus, the original motiva- 
tion for much of high-energy physics is to be sought 
in its elucidation of low-energy physics, or the 
strongest and most exciting motivation for measur- 
ing the neutron capture cross sections of the ele- 
ments lies in the elucidation of the cosmic origin 
of the elements. Moreover, the discoveries which 
are acknowledged to be the most important sci- 
entifically, have the quality of bearing strongly on 
the scientific disciplines around them. For example, 
the discovery of x rays was important partly be- 
cause it extended the electromagnetic spectrum 
but, much more, because it enabled us to see so 
much that we had been unable to see. The word 
“fundamental" in basic science, which is often used 
as a synonym for “important," can be partly para- 
phrased into “relevance to neighboring areas of 
science." I would therefore sharpen the criterion 
of scientific merit by proving that, other things 
being equal, that field has the most scientific merit 
which contributes most heavily to and illuminates 
most brightly its neighboring scientific disciplines. 
This is the justification for my previous suggestion 
about making it socially acceptable for people in 
related fields to offer opinions on the scientific 
merit of work in a given field. In a sense, what I 
am trying to do is to extend to basic research a 
practice that is customary in applied science: a 



•Heywood, R, B. (ed.), The Works of the Mind (University of 
Chicago Press, 1947), p. 196. 
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project director trying to get a reactor built on 
time is expected to judge the usefulness of com- 
ponent development and fundamental research 
which bear on his problems. He is not always 
right; but his opinions are usually useful both to 
the researcher and to the management disbursing 
the money. 

1 turn now to the most controversial criterion 
of all— social merit or relevance to human welfare 
and the values of man. Two difficulties face us 
when we try to clarify the criterion of social merit: 
first, who is to define the values of man, or even 
the values of our own society; and second, just 
as we shall have difficulty deciding whether a pro- 
posed research helps other branches of science or 
technology, so we will have even greater trouble 
deciding whether a given scientific or technical 
enterprise indeed furthers our pursuit of social 
values, even when those values have been identi- 
fied. With some values we have little trouble: 
adequate defense, or more food, or less sickness, 
for example, are rather uncontroversial. Moreover, 
since such values themselves are relatively easy to 
describe, we can often guess whether a scientific 
activity is likely to be relevant, if not actually 
helpful, in achieving the goal. On the other hand, 
some social values are much harder to define: per- 
haps the most difficult is national prestige. How 
do we measure national prestige? What is meant 
when we say that a man on the moon enhances 
our national prestige? Does it enhance our prestige 
more than, say, discovering a polio vaccine or 
winning more Nobel Prizes than any other coun- 
try? Whether or not a given achievement confers 
prestige probably depends as much on the publicity 
that accompanies the achievement as it does on 
its intrinsic value. 

Among the most attractive social values that 
science can help to achieve is international under- 
standing and cooperation. It is a commonplace that 
the standards and loyalties of science are trans- 
national. A new element has recently been injected 
by the advent of scientific research of such costli- 
ness that now it is prudent as well as efficient to 
participate in some form of international coopera- 
tion. The very big accelerators are so expensive that 
international laboratories such as CERN at Geneva 
are set up to enable several countries to share costs 
that are too heavy for them to bear separately. 
Even if we were not committed to improving inter- 
national relations we would be impelled to coop- 
erate merely to save money. 

Bigness is an advantage rather than a disad- 
vantage if science is to be used as an instrument 
of international cooperation; a $500 million coop- 



erative scientific venture-such as the proposed 
1000 BeV intercontinental accelerator— is likely to 
have more impact than a $500 000 Van de Graaff 
machine. The most expensive of all scientific or 
quasi-scientific enterprises— the exploration of space 
—is, from this viewpoint, the best-suited instrument 
for international cooperation. The exchange be- 
tween President Kennedy and Chairman Khrush- 
chev concerning possible increased cooperation in 
space exploration seems to have been well received 
and, one hopes, will bear ultimate fruit. 



Some specific fields assessed 

Having set forth these criteria and recognizing that 
judgments are fraught with difficulty, I propose, in 
their light, to assess five different scientific and 
technical fields: molecular biology, high-en- 

ergy physics, nuclear energy, manned-space ex- 
ploration, and the behavioral sciences. Two of these 
fields, molecular biology and high-energy physics, 
are, by any definition, basic sciences; nuclear en- 
eigy is applied science, the behavioral sciences are 
a mixture of both applied and basic science. 
Manned exploration of space, though it requires 
the tools of science and is regarded in the popular 
mind as being part of science, has not yet been 
proved to be more than quasi-scientific, at best. 
The fields which I choose are incommensurable: 
how can one measure the merit of behavioral 
sciences and nuclear energy on the same scale of 
values? Yet the choices between scientific fields will 
eventually have to be made whether we like it or 
not. Criteria for scientific choice will be most use- 
ful only if they can be applied to seemingly in- 
commensurable situations. The validity of my pro- 
posed criteria depends on how well they can serve 
in comparing fields that are hard to compare. 

Of the scientific fields now receiving public sup- 
port, perhaps the most successful is molecular bi- 
ology. Hardly a month goes by without a stunning 
success in molecular biology being reported in the 
Proceedings of the National Academy of Sciences. 
The most recent has been the cracking by Nier- 
enberg and Ochoa of the code according to which 
triples of bases determine specific amino acids 
in the living proteins. Here is a field which 
rates the highest grades as to its ripeness for ex- 
ploitation and competence of its workers.' It is 
profoundly important for laige stretches of other 
biological sciences— genetics, cytology, microbiology 
—and, therefore, according to my criterion, must 
be graded A+ for its scientific merit. It also must 
be given a very high grade in social merit, and 
probably in technological (that is, medical) merit 
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—more than, say, taxonomy or topology. Molecular 
biology is the most fundamental of all the biologi- 
cal sciences. With understanding of the manner 
of transmission of genetic information ought to 
come the insights necessary for the solution of such 
problems as cancer, birth defects, and viral diseases. 
Altogether, molecular biology ought, in my opin- 
ion, to receive as much public support as can 
possibly be pumped into it; since money is not 
limiting its growth, many more post-graduate stu- 
dents and research fellows in molecular biology 
ought to be subsidized so that the attack on this 
frontier can be expanded as rapidly as possible. 

The second field is high-energy physics. This 
field of endeavor originally sought as its major 
task to understand the nuclear force. In this it has 
been only modestly successful; instead, it has 
opened an undreamedof subnuclear world of 
strange particles, a world in which mirror images 
are often reversed. The field has no end of in- 
teresting things to do, it knows how to do them, 
and its people are the best. Yet I would be bold 
enough to argue that, at least by the criteria which 
I have set forth— relevance to the sciences in which 
it is embedded, relevance to human affairs, and 
relevance to technology— high-energy physics rates 
pporly. The world of subnuclear particles seems 
to be remote from the rest of the physical sciences. 
Aside from the brilliant resolution of the T-particle 
paradox, which led to the overthrow of the con- 
servation of parity, and the studies of mesic atoms 
(the latter of which is not done at ultra-high en- 
ergy), I know of few discoveries in ultra-high- 
energy physics which bear strongly on the rest of 
science. This view must be tempered by the fairly 
considerable indirect fallout from high-energy 
physics— for example, the use of strong focusing, 
the development of ultra-fast electronics, and the 
possibility of using machines like the Argonne 
ZGS as very strong, pulsed sources of neutrons for 
study of neutron cross sections. As for its direct 
bearing on human welfare and on technology, I 
believe it is essentially nil. These two low grades 
would not bother me if high-energy physics were 
cheap. But it is terribly expensive— not so much 
in money as in highly qualified people, especially 
those brilliant talents who could contribute so 
ably to other fields which contribute much more 
to the rest of science and to humanity than does 
high-energy physics. On the other hand, if high- 
energy physics could be strengthened as a vehicle 
for international cooperation— if the much-discussed 
intercontinental 1000 BeV accelerator could indeed 
be built as a joint enterprise between East and West 
• —the expense of high-energy physics would be- 
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come a virtue, and the enterprise would receive a 
higher grade in social merit than I would now he 
willing to assign to it, 

Third is nuclear energy, a field toward which I \ 
have passion and aspiration, and therefore am not \ 
unbiased. Being largely an applied effort, nuclear j 
energy is very relevant to human welfare. We now 
realize that in the residual uranium and thorium j 
of the earth's crust, mankind has an unlimited ! 
store of energy— enough to last for millions of [ 
years; and that with an effort of only one-tenth 
of our manned space effort we could, within ten j 
or fifteen years, develop the reactors which would j 
tap this resource. Only rarely do we see ways of j 
permanently satisfying one of man's major needs j 
—in this case energy. In high-conversion-ratio nu- 
clear reactors we have such means, and we are : 
close to their achievement. Moreover, we begin 
to see ways of applying very large reactors of this j 
type to realize another great end, the economic ] 
desalination of the ocean. Thus, the time is very \ 
ripe for exploitation. Nuclear energy rates so 
highly in the categories of technical and social 
merit and timeliness that I believe it * deserves 
strong support, even if it gets very low marks in 
the other two categories— its personnel and its re- 
lationship to the rest of science. Suffice it to say 
that in my opinion the scientific workers in the 
field of nuclear energy are good and that nuclear 
energy in its basic aspects has vast ramifications 
in other scientific fields. 

Next on the list are the behavioral sciences— 
psychology, sociology, anthropology, and economics. 
The workers are of high quality; the sciences are 
signnicantly related to each other, they are deeply 
germane to every aspect of human existence. In 
these respects the sciences deserve strong public 
support. On the other hand, it is not clear to me 
that the behavioral scientists, on the whole, see 
clearly how to attack the important problems of 
their sciences. Fortunately, the total sum involved 
in behavioral science research is now relatively 
tiny— as it well must be when what are lacking are 
deeply fruitful, and generally accepted, points of 
departure. 

Finally, I come to manned space exploration. 
The personnel in the program are competent and 
dedicated. With respect to ripeness for exploitation, : 
the situation seems to me somewhat unclear. Our j 
“hardware” is in good shape, and we can expect i 
it to get better— bigger and more reliable boosters, j 
better communication systems, etc. What is not j 
dear is the human being's tolerance of the space : 
environment. I do not believe that either the haz- 
ards of radiation or of weightlessness are suffiriently j 




explored yet positively to guarantee success in our 
future manned space ventures. 

The main objection to spending so much man- 
power, as well as money, on manned space explora- 
tion i? its remoteness from human affairs, not to 
say the rest of science. In this respect, space (the 
exploration <Sf very large distances) and high- 
energy physics (the exploration of very small dis- 
tances) are similar, though high-energy physics 
has the advantage of greater scientific validity. 
There are some who argue that the great adven- 
ture of man into space is not to be judged as 
science, but rather as a quasi-scientific enterprise, 
justified on the same grounds as those on which 
we justify other nonsdentific national efforts. The 
weakness of this argument is that space requires 
many, many scientists and engineers, and these 
are badly needed for such matters as clarifying 
our civilian defense posture or, for that matter, 
working out the technical details of arms control 
and foreign aid. If space is ruled to be nonscien- 
tific, then it must be balanced against other non- 
scientific expenditures like highways, schools, or 
civil defense. If we do space research because of 
prestige, then we should ask whether we get more 
prestige from a man on the moon than from suc- 
cessful control of the waterlogging problem in 
Pakistan's Indus Valley Basin. If we do space 
research because of its military implications, we 
ought to say so— and perhaps the military justifi- 
cation, a'c least for developing big boosters, is 
plausible, as the Soviet experience with rockets 
makes clear. 

The big problem of “Big Science * 

The main weight of my argument is that the most 
valid criteria for assessing scientific fields come 
from without rather than from within the scien- 
tific discipline that is being rated. This does not 
mean that only those scientific fields deserve prior- 
ity that have high technical merit or high social 
merit. Scientific merit is as important as the other 
two criteria, but, as I have argued, scientific merit 
must be judged from the vantage point of the 
scientific fields in which each field is embedded 
rather than from that of the field itself. If we 
support science in order to maximize our knowl- 
edge of the world around us, then we must give 
the highest priority to those scientific endeavors 
that have the most bearing on the rest of science. 

The rather extreme view which I have taken 
presents difficulties in practice. The main trouble 
is that the bearing that one science has on another 
science so often is not appreciated until long after 



the original discoveries have been made. Who was 
wise enough, at the time Purcell and Bloch first 
discovered nuclear magnetic resonance, to guess 
that the method would become an important tool 
for unravelling chemical structures? Or how could 
one have guessed that Hahn and Strassmann’s 
radiochemical studies would have led to nuclear 
energy? And indeed, my colleagues in high-energy 
physics predict that what we learn about the world 
of strange particles will in an as yet undiscemible 
way teadi us much about the rest of physics, not 
merely much about strange particles. They beg 
only for time to prove their point. 

To this argument I say first that choices are al- 
ways hard. It would be far simpler if the problem 
of scientific choice could be ignored, and possibly 
in some future millennium it can be. But there is 
also a more constructive response. The necessity for 
scientific choice arises in “Big Science/ 1 not in 
"Little Science". Just as our society supports artists 
and musicians on a small scale, so I have ob- 
jection to— in fact, I strongly favor— our society 
supporting science that rates zero on all the ex- 
ternal criteria, provided it rates well on the in- 
ternal criteria (ripeness and competence) and pro- 
vided it is carried out on a relatively small scale. 
It is only when science does make serious demands 
on the resources of our society— when it becomes 
'Big Science"— that the question of choice really 
arises. 

At the present time, with our society faced with 
so much unfinished and very pressing business, 
science can hardly be considered its major business. 
For scientists as a class to imply that science can, 
at this stage in human development, be made the 
main business of humanity is irresponsible— and, 
from the scientist's point of view, highly dangerous. 
It is quite conceivable that our society will tire 
of devoting so much of its wealth to science, es- 
pecially if the implied promises held out when big 
projects are launched do not materialize in any- 
thing very useful. I shudder to think what would 
happen to science in general if our manned-space 
venture turned out to be a major failure, if it 
turned out, for example, that man could not with- 
stand the re-entry deceleration forces after a long 
sojourn in space. It is as much out of a prudent 
concern for their own survival, as for any loftier 
motive, that scientists must acquire the habit of 
scrutinizing what they do from a broader point of 
view than has been their custom. To do less could 
cause a popular reaction which would greatly dam- 
age mankind's most remarkable intellectual attain- 
ment-modem science— and the scientists who cre- 
ated it and must carry it forward. 
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CRITERIA FOR SCIENTIFIC CHOICE II: 

THE TWO CULTURES 

Alvin M. Weinberg 
The Financial Support of " Science as a Whole ” 

In a previous paper 1 1 proposed criteria which could be invoked in judging 
how to allocate support to different, competing branches of basic science. 
Such allocations seem to be necessary because what society is willing to 
spend on all of science is not enough to satisfy every worthy claim on the 
total funds available for science. I turn now to the broader question: 
what criteria can society use in deciding how much it can allocate to science 
as a whole rather than to competing activities such as education, social 
security, foreign aid and the like? 

That such a question can assume any urgency is in itself remarkable. 
To have suggested that the Federal Government of the United States would 
be spending about 3 per cent of the gross national product for research 
and development would have been unbelievable 25 years ago. Most of the 
new attitude toward government support of science and technology was 
prompted by war and fear of war. In the mind of the public, scientific 
strength has be'en equated with military strength. Support of science at 
first was only dimly distinguished from support of the military. But this 
attitude is changing, partly because the thermonuclear stalemate seems to 
have reduced our fear of war, partly because the fantastic successes of 
modern science have begun to penetrate the awareness of the public. 
Science per se, as a valid human activity supported by the public, has 
acquired some standing, possibly analogous to that of religion in the era 
before the separation of church and state. As science has become big, it 
has acquired imperatives, just like any other activity of government, to 
expand and to demand an increasing share of public resources, and now, 
for the first time, it has become big enough to compete seriously for money 
with other major activities of government 

The criteria for choice between different fields of basic science I proposed 
earlier were of two kinds — internal and external. Internal criteria could 
be established entirely within the scientific field being considered: these 
criteria arise from the question: how competently is this field of science 
performed? External criteria could be established only from outside and 
answered the questions: does this field of science illuminate other fields 
of science; does it further desirable technological goals; does it further 
broad social goals? My main point was that a good rating according to 
the internal criteria was a necessary but not sufficient condition for large* 
scale public support of a field of science. Only if a field rated highly 
according to criteria generated outside its own universe could it properly 
expect large-scale support by society. 

In so far as the support of science as a whole can be viewed as different 
from support of each of the separate branches and kinds of science, I believe 
one can apply analogous criteria. Society, in its support of science, assumes 

* ” Criteria for Scientific Choice ”, Minerva, I (Winter, 1963), 2, pp. 159-171. 
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that science is a competent, responsible undertaking. But society is 
justified in asking more than this of “ science as a whole ” However 
vaguely stated, society expects science somehow to serve certain social 
goals outside science itself. It applies criteria from without science — 
broadly, criteria concerned with human values— when it assesses the proper 
role of “ science 65 a whole ” relative to other activities. We scientists 
concede this implicitly when we agree that responsibility for choosing 
between science and other activities belongs primarily to the non-scientists 
—the members of legislative bodies or the head of the executive branch of 
government and his staff. In the language of Stephen Toulmin 1 the choice 
between “ science done for its own sake ” and other activities of the society 
is a political choice, as contrasted to an administrative choice, and it is to be 
made by politicians. 

The ordering of human values upon which such choices must ultimately 
be based is a philosophical question into which I will not enter here. 
I shall assume that we have decided on social goals and shall then ask how 
we can translate these into practical recipes for deciding how much science 
we can afford. 

The Budgetary Separation of Pure and Applied Science 

I shall dispose of the question of what fraction of society’s overall effort 
should go into “ science as a whole ” by arguing, along with many others, 
that “ science as a whole ” is a misleading idea. The basis for the claim 
which applied science makes on society is so different from that of pure 
science that lumping them together clouds the issue. Pure and applied 
science ought not to be viewed as competing for money. 

Applied science is done to achieve certain ends which usually lie outside 
of science. When we decide how much we should allocate to a project in 
applied science, we at least implicitly assess whether we can achieve the 
particular end better by scientific research than by some other means. 
For example, suppose we wish to control the growth of population in India 
and suppose we have at our disposal $200 x 10* per year for this purpose. 
We could devote most of this sum to investigating fertility, to developing 
better contraceptive techniques, or to studying relevant social structures in 
some Indian village. Or, alternatively, we could use the money to buy and 
distribute existing contraceptive equipment, such as Graffenberg rings, 
perhaps using some of the money as incentive payment to induce women 
to accept the technique. Which way we spend our money is a matter of 
tactics; evidently no general proposition can tell us how much of our effort 
ought to be spent on research rather than on practice in trying to achieve 
effective birth control in India. The scientific work that goes toward solving 
this problem ought to compete for money with alternative, non-scientific 
means of controlling the growth of population in India rather than with 
the study of, say, the genetic code. More generally, where a piece of 
research is done to further an end which society has identified as desirable, 
support for this type of scientific work should be considered as part of 
the bill for achieving the end, not as part of the “science budget ”. Only 

* p^^^ 359 P ' exity °* Sc ’ ent ' fic Choice: A Stocktaking”, Minerva, H (Spring, 1964), 3, 
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that scientific research which is pursued to further an end arising or lying 
within science itself should be included in our “ science budget 

This view has become quite popular in many recent discussions of the 
subject 3 It is appealing to the scientist because setting support for applied 
science outside the science budget reduces the latter enormously — from 
$16 x 10® to perhaps $1 x 10®. At this level the whole question of 
choice between scientific and non-scientific activities becomes much less 
significant 

But this stratagem is not as clearly justified as it appears at first sight. 
Ruling applied science to be part of the budget of non-scientific activities, 
not of the scientific budget, does not eliminate competition between applied 
science and basic science. Applied science requires at a secondary level, 
by and large, the same kind of people as does basic science. Building a 
large accelerator engages electrical engineers who would otherwise be 
available to help design control systems for rockets. In allocating support 
for a given applied science, one musS keep in mind the effect of such 
allocation on basic science, and in supporting basic science, one must keep 
in mind- the effect on applied science. Edward Teller has argued that 
because of the great emphasis on basic sciences in our universities, we have 
created an atmosphere that is uncongenial to applied science. He insists 
that our important applied scientific undertakings suffer because we tend 
to direct our best talents to basic science, our not-quite best to applied 
science. Though Teller’s contention is difficult to prove, my own experience 
supports his view. 

A second difficulty is that the aim of any given branch of applied science 
tends to become diffuse as time goes on. The scientific work of any of 
the large “ mission-oriented ” government agencies started out specifically 
to further the mission of the agency. But as time has passed, these clearly 
defined, “ mission-oriented ” goals of applied scientific work have become 
fuzzy. Byways that originally were germane to the mission flourish— an 
investigation that began as a promising approach to solve an applied 
problem, 10 years later becomes an interesting study pursued for its own 
sake, yet it continues to be described as “ applied science ”. Thus to leave 
applied science out of the science budget would leave out a large amount 
of research which was at one time motivated by an extra-scientific or applied 
end, but which is now pursued primarily because it is scientifically 
interesting to those carrying on the research. 

Finally, the motivation for basic science is itself often less than pure. 
Is nuclear structure physics done to further science or to help build 
reactors? Is the structure of natural products pursued as a challenge 
to scientific virtuosity in organic chemistry or because out of such studies 
will come the knowledge of enzyme action which ultimately will lead to 
control of metabolic disorders? Thus consideration of support of basic 
research completely apart from applied research is not as clearly defined 
a proposition as many proponents of this position hold. 

Nevertheless, I believe the general principle of not considering the 
budget for applied research as part of our “ national science budget ” and 
including only basic research in it has one overriding advantage. By 

a A particularly cogent presentation of this position is made by Stephen Toulmin, op. cit. 
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allocating funds to any applied research as a certain fraction of the budget 
of the (usually non-scientific) activity to which the research is intended to 
contribute, we keep straight our reasons for supporting the applied research. 
What this fraction should be must depend on interna! criteria— such as, do 
we see ways of making progress, or are good research workers available? 
It probably should also depend on the impact that support of that field will 
have on neighbouring basic fields. 

The fraction of effort that goes into achievement of a broad end — like aid 
to underdeveloped countries or national defence — by scientific research 
instead of by non-scientific action can hardly be decided entirely by the 
scientists. The scientific approach to solutions of difficult social problems 
is becoming increasingly popular. Yet in at least some proposals for 
action of which I am aware — notably in foreign aid and control of world 
population — it seems to me that excessive claims were made for science. 
Scientists alone, when asked to judge how to solve a complex social 
problem, more often than not recommend more science — just as high- 
eneigy physicists, when asked to recommend a programme in basic science, 
will ask for more high-energy physicists or oceanographers for more 
oceanography. To overstate the capacities of scientific research as a 
technique for settling difficult social questions is no more sensible than 
it is to understate them. Thus, just as I have argued that scientific 
panels, judging how much money should be allocated to one branch of 
science rather than to another, should include representatives of neigh- 
bouring branches of science, so a panel determining how much scientific 
research rather than “engineering” or “production” will best achieve 
a certain non-scientific end should include non-scientists as well as scientists. 

Support for Basic Science as a Branch of High Culture 

I have argued in the foregoing that applied and basic science should have 
separate budgets and that the budget for applied science should be set as a 
certain fraction of the effort allocated to the end (usually non-scientific) 
which applied science furthers. To this extent I have avoided the problem 
of choice between “ science as a whole ” and other human activities by 
denying the usefulness of the concept “ science as a whole ”. This still 
leaves the question of basic science — the science which cannot be justified 
by any reason except that it satisfies human curiosity. Are there some broad 
social ends, outside of basic science, which basic science serves, and to 
which its budget can be tied? 

Obviously, some parts of basic science are important to applied science : 
in my view a much larger fraction of basic science is germane to applied 
science than many of my basic scientific colleagues are w illing to concede. 
The bulk of the biological sciences is, in a sense, applied. For example, the 
most recondite and ingenious elucidation of the genetic ma p 0 f E. coli 
is germane to the whole question of genetic abnormalities. (I often find it 
amusing to argue with my biologist friends that most of what they do is 
applied researchr-that the important distinction in a field of science 
intrinsically so close to human affairs as is biology is not between “ applied ” 
and “ basic ” but between “ intelligent ” and “ unintelligent ”.) Or again, 
plasma physics, a purely basic science, is central to thermonuclear research. 
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an applied science which is pursued because we wish to enlarge mankind’s 
energy resources. 

It is natural to propose that such basic research receive a certain fraction 
of the resources going into the applied research which it underlies. Every 
good applied research laboratory allocates to basic research a certain 
fraction of the resources allocated to it for its related applied research. The 
ratio of basic to applied research often is very high and is usually highest in 
the applied laboratories which have had the most success in accomplishing 
their technological mission. What I suggest is that on the national scale, 
also, basic research be considered as a fixed charge on the applied research 
effort, wherever the basic research is intended to contribute to a field of 
applied science. In making an assessment of relevance, I would incline 
toward a broad interpretation: for example, I would consider the 
case of most research in biology as a proper overhead charge to be assessed 
against the resources allocated to agricultural and medical research. 

But what about those fields of basic research, a few of them very 
expensive, which are really very remote from any applied scientific 
problems, which are pursued primarily because the researchers find the 
science intensely interesting, often because the findings in this field are 
likely to illuminate neighbouring branches of basic science? To what can 
we tie the allocation of effort for such activities? 

This is the most puzzling of all the questions concerning public support 
of science and any proposed solution must be put forward most tentatively. 
For basic science of this kind is primarily a somewhat disinterested 
intellectual activity, in the same sense as are music, literature and art. 
Indeed, the analogy between the creative arts and this purest kiod of basic 
science is sufficiently great to suggest that, insofar as it must make the 
choice, society might choose between the pure basic sciences on the one 
hand and the creative arts on the other. In allocating support for the 
purest basic research, our allocations for the other creative activities of man 
might be taken as our guide. 

There are many analogies between the purest basic research activity and 
artistic activity. Each is an intensely individual experience the effect of 
which transcends itself. The product of each is immortal — the theory of rela* 
tivity, just as surely as Hamlet or the Mona Lisa. Each is concerned with 
truth — the highest of human manifestations — the one with scientific truth 
(which deals with the regularities in human experience), the other with 
artistic truth (which deals with the individuality of human experience ). 4 
Each enriches our life in unm easurable though highly significant ways. 
Each belongs not only to its creator or discoverer, but to all mankind . 

In a competition for support between pure science and the arts, I see 
two major arguments — one that supports the claim of science and the other, 
the claim of art The argument that favours science (aside from the obvious 
one, to which I shall return, that even the remotest pure science may 
eventually have practical application) is that scientific truth, being based 
on what we observe in nature, is publicly verifiable, whereas artistic truth, 
not subject to the same kind of control, is not publicly verifiable. Artistic 

4 This point was illuminated for me in Baizun, Jacques, Science: The Glorious Entertain- 
ment (New Yotk: Harper & Row, 1964), p. 227 et seq. 
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critics disagree just as often as they agree. They have no objective and 
impartial arbiter, nature, to say what is true and what is not true. The 
truth of science, on the other hand, is rigorously and publicly tested by 
experiment or by observation or, in the case of mathematics, by logic. 
Scientific criticism weeds out scientific nonsense more efficiently than artistic 
criticism weeds out artistic nonsense because, ultimately, science is 
monitored by a universal and approachable critic, nature, whereas art 
has no comparable critic. Scientific research and thought, in their mutual 
and ruthless criticism which reach ever more strongly towards a whole 
consistent structure, are embedded in what Michael Polanyi has called the 
“ Republic of Science ” 8 — the entire scientific community whose mutual 
interaction is governed by rules of scientific conduct that are themselves 
laid down by nature, the great scientific lawgiver. The republic of science 
forces science to be a responsible undertaking, at least in the sense that 
what science does is true and, in some approximation, true forever. The 
corresponding republic of the arts has no such final arbiter that can force 
art to be as responsible as science. In so far as public support ought to go 
for the more responsible undertaking, the purest science in this regard 
merits more support than do the arts. 

But there is another argument which at present favours the arts. Pure 
science — that is, science which does not have foreseeable practical applica- 
tions, such as elementary particle physics or cosmology — is by and large an 
arcane enterprise which is appreciated mainly by its practitioners. The 
arts, on the other hand, are generally less restricted in their audience: many 
more people in the world today can gain enjoyment from listening to 
Beethoven’s Ninth Symphony than they can from reading Schroedinger’s 
paper on quantisation as an e/gen-value problem. Granted that the 
intellectual delight experienced by the creator in pure science matches 
that of the creator in art, the direct products of the latter’s efforts at present 
probably give more enjoyment to more people than do the products of the 
former. Of course, in so far as even the purest science may eventually 
result in practical applications, it too affects the public at large; but we are 
speaking here of the science whose practical application is minimal. 

The well-paid pure scientists among my friends will undoubtedly object 
to being converted into scientific bohemians shivering in poorly heated 
garrets. But I don’t think pure science is doomed to that poor an existence 
if our society decides, even now, to support it on about the same scale 
as it supports the arts. It is true that the arts are supported poorly by 
government, but the total paid by the society, i.e., private individuals and 
associations, governments, local and federal, for the arts is not negligible and 
the support is growing. In estimating the total support we give to the 
arts, we must include the value of theatre admissions, the value of books, 
better magazines and good records, the total that goes to our performing 
arts, as well as the direct subsidies in the form of grants to creative artists. 
The total spent by the United States on all activities that one way or 
another are concerned with the arts amounted in 1960 to around $2,500 



* Polanyi, M., “ The Republic of Science: Its Political and Economic Theoty ”, Minerva, 1 
(Autumn, 1962), 1, pp. 54-73. 
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million. 8 Only a fraction of this amount is spent directly by the federal 
government but this is not relevant. Pure science, unlike music or 
literature, produces no directly saleable commodity and so if it is to be 
supported at all by the public it must be supported by the public through 
its government 

Moreover, it seems likely, with the increase in leisure, and the decrease 
in the amount we spend on armaments, that a larger and larger fraction of 
our national income will go into the arts. Voices have been raised 
favouring a National Arts Foundation, paralleling the National Science 
Foundation. To make of pure science an avenue for expression of our 
creative intellectual energy, quite parallel to August Heckscher’s 7 proposal 
to make of the arts such an instrument, strikes me as highly appealing. 
This latter viewpoint was stated eloquently by N. N. Semenov, 8 the Soviet 
chemist; he visualises science in the world of the future being appreciated 
and practised as widely as are the arts in the world today — every man a 
scientist, to the extent of his intellectual capacity. 

I put forward the idea that the purest science be supported in the same 
spirit and at roughly the same level as the arts as only one among several 
possibilities. The arts, after all, are not the only non-scientific activity 
which gives deep intellectual or spiritual satisfaction. For example, religion 
even today gives great spiritual satisfaction to many people— in our country 
to many more than do the arts or sciences. And indeed, a case can be 
made for using the level of support of religion instead of art as a yardstick 
for how much pure science our society ought to support. 

And yet, despite the analogies between science and art, or between 
science and religion, the idea of relating the degree of support of one to 
the degree of support of the other is somehow forced and artificial and not 
really satisfactory. In the long run how much our society is going to 
spend on basic science depends upon the extent to which non-scientists 
develop the intellectual power and taste to appreciate, if not to discover, 
science. The question then is : is it really likely that society will develop so 
congenial an attitude towards science — say as congenial an attitude as it 
now displays towards the arts or religion — that it will support the basic 
scientist at the level he thinks he needs? 

Most scientists believe that society will be missing something very 
important should it not develop such an attitude towards pure science. 
Every scientist knows that much of the satisfaction he derives from his 
scientific career comes not only from his own original discoveries, but also 
from the thrill he experiences when he understands, for the first time, 
someone else’s great discovery. My own experience during the past half 
dozen years illustrates the point. During these years, at least five major 
discoveries have been made in physics : the Mossbauer effect, the overthrow 
of parity, the laser, the superconducting magnet, and the SU 3 symmetry 

• Estimate by A. Mitchell of Stanford Research Institute, as reported by Business Week, 
19 January, 1963, p. 68. 

* Heckscher, August, " The Arts in the 1980s ”, a lecture at Oswego State University, 
Oswego, New Yoric (1964). 

a Semenov, N. N., “ The World of the Future ”. The Bulletin of the Atomic Scientists, XX 
(February, 1964), pp. 10-15; the same idea wj.c also expressed by George Bernard Shaw 
in Back to Methuselah. 
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in strong interactions. After each of these discoveries I blessed my decision 
to study physics, since only because I knew some physics could I experience 
the unique intellectual satisfaction that appreciation of a discovery, almost 
as much as the discovery itself, affords. 

One need not be a great intellect to appreciate a scientific discovery, at 
least enough to give one real satisfaction. I would guess that all those 
intelligent enough to take a university degree could learn enough to 
' appreciate some branch of science : if not the most sophisticated parts, then 
at least the simpler parts. Nor is it necessary for all the public to under- 
stand all of basic science. Just as science itself has fragmented under the 
pressure of the information explosion, so I visualise that “ lay-scientists ” 
would also form somewhat separate communities: perhaps there might 
develop the equivalent of “ molecular biology fan clubs ”, “ high-energy fan 
clubs ”, “ oceanography fan clubs ”, even as we now have amateur astrono- 
mers, radio “ hams ” and hi-fi enthusiasts. 

To educate so many people to a point where they can achieve a sense 
of participation in the march of science poses a major problem. The 
scientists themselves will have to spend much effort conveying their message, 
in intelligible terms, to the rest of society. They will have to deal sym- 
pathetically (much more so than I think they do now) with the scientific 
popularisers and with the scientific educators. If the scientists and their 
para-scientific associates are unable to convey this sense of scientific adven- 
ture to the community that supports them, I cannot see how the purest basic 
research can, in the long run, expect to receive the support it will demand 
in the future. 

The problem faced by the future scientists has been stated by Professor 
Eugene Wigner as follows: 

... we all hope that the present competitions for the most powerful 
military posture wiU become unnecessary soon — perhaps in 10 years, 
perhaps in 20 years. Quite likely, not only will the present unquestioning 
support of science cease then; it will be replaced by distrust and even 
unpopularity. Nobody likes his companions and helpers of a past life 
from which he has turned .o a better one. What will be the role of science 
then, where the scientist will be no longer a source of power of the 
government, after having been pampered so long, is not entirely pleasant 
to contemplate. However, it may be useful. Science that is useless in the 
sense that it does not help to satisfy other cravings, is still one of the 
noblest endeavours of man; it would be most pitiful if mankind turned 
away from science just when it will have the leisure to pursue science in 
its more noble form. 8 

Support for Basic Science as an Overhead Charge on Applied Science 
and Technology 

I confess to a residual scepticism about our society acquiring this 
sophistication in the short run, which means, for the working scientist, the 
years until his retirement It is probably utopian — as much as Shaw's 
Back to Methuselah — to expect every man in the street to become an 
amateur scientist or even a science fan. 

Thus, much as I hope that our society will acquire this scientific 

* ** Prospects in Nuclear Science ”, an address delivered at the Twentieth Anniversary 
Celebration, Oak Ridge National Laboratory, 4 November. 1963. 
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sophistication, it seems clear that in the near, as opposed to the distant, 
future we shall have to present a more realistic claim on society’s support 
of basic science done for the sheer intellectual pleasure it affords its 
practitioners. I therefore return to my earlier suggestion that bade science 
in fields clearly relevant to applied science be viewed as an overhead 
charge on that particular applied science — that is, against the political 
mission the applied science is intended to accomplish. I would extend 
the idea and urge that the purest basic science be viewed as an overhead 
charge on the society’s entire technical enterprise — a burden that is assessed 
on the whole activity because, in a general and indirect sort of way, such 
basic science is expected eventually to contribute to the technological 
system as a whole. In some cases, the help will turn out to be direct, as 
when a discovery in cosmology illuminates a point in nuclear structure 
physics; in more cases it will be indirect as when a professor, whose research 
is in an abstruse field of mathematics, inspires a young engineering student 
with the beauties of the classical calculus of variations. 

Some such view of the relation of the purest basic science to the 
entire technical enterprise was implicit in Executive Order 10S21 issued in 
1954 by President Eisenhower concerning the terms of reference of the 
newly founded National Science Foundation: 

As now or hereafter authorised or permitted by law, the foundation shall 
be increasingly responsible for providing support by the federal government 
for general-purpose basic research through contracts and grants. The 
conduct and support by other federal agencies of basic research in areas 
which are closely related to their missions is recognised as important and 
desirable, especially in response to current national needs, and shall 
continue. 

From this point of view one has further reduced the dimension of the 
problem of how much “ science ” shall we support Applied science and 
engineering have already been ruled to be outside the “ science as a whole ” 
budget, inasmuch as they are a means of achieving a politically defined mis- 
sion. Basic science, which is closely related to an applied science (such as 
biology, vis-a-vis medicine), is an overhead assessed against the related 
applied science, and therefore its level of support is again tied closely to a 
politically defined end. And finally, the purest basic science, viewed as an 
overhead against the entire enterprise, would, in analogous fashion, receive 
support at a level determined as a fraction of the entire remaining technical 
enterprise. What this fraction should be would itself be a political 
decision — but if all such research is supported by a National Science 
Foundation, as suggested by the Executive Order of President Eisenhower, 
this political decision would amount each year to setting the budget of the 
National Science Foundation. Of course this political decision would be 
influenced in part by the public’s attitude towards science; but it would 
also be influenced by the attitude of legislators who are probably more 
inclined towards science than is the general public, since so much of the 
business of national legislative bodies now involves science and engineering 
in one way or another. 

Where -do the criteria of choice I proposed in my previous paper fit 
into such a scheme? As I see the matter now, they would be used both 
by mission-oriented agencies in making administrative decisions with 
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respect to different kinds of basic science and by a body with very broad 
terms of reference, independently of any technological task such as those 
given to the National Science Foundation in the United States, in choosing 
between different basic fields. Within each allocation of funds made for a 
politically defined task there will always be more claimants than there are 
funds and choices will still have to be made. The beauty of the idea of basic 
research as a “ scientific overhead ” is that it reduces the size of each 
allocation of funds for scientific research to a more manageable proportion. 

Thus I have turned a full circle: I began by asking how much “ science 
as a whole ” our society could afford. In developing my views, I have 
successively reduced the magnitude of science which competes with society’s 
other activities, first by ruling the costs of applied science to be overhead 
charges on the tasks it sought to further; secondly by ruling the costs of 
mission-related basic science to be an overhead charge on mission-related 
applied science; and now by suggesting that the purest science be an overhead 
on the entire technological system. This is not to say that I object to the 
view of “ science as culture ”, a view which places science per se directly 
in competition with other activities of the society. It is merely that, in the 
short term, basic science viewed as an overhead charge on technology is a 
more practical way of justifying basic science than is basic science viewed 
as an analogue of art. Until and unless our society acquires the sophistica- 
tion needed to appreciate basic science adequately, we can hardly expect 
to find in the admittedly lofty view of “ science as culture ” a basis for 
support at the level which we scientists believe to be proper and in the 
best interests both of society and of the scientists. 
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